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Summary

1.
Background. Atmospheric
composition and evolution

2.
Methods. The Planetary
Spectrum Generator
and NEMESIS

3.
Determination of the
sulphur dioxide
abundance on Venus

3.
Positive detection of
methane on Mars and
non-detection of
Phosphine on Venus
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5.
Ongoing work: Effect of
vulcanic plumes 
(SO2+H2O) on the
spectra of Venus and
determination of the
D/H ratio on Jupiter

4.
Determination of the
deuterium to hydrogen
ration on Mars and the
search for methane



Open Questions
1. What are the sources and sinks of SO2? Variability

and possible connection with volcanism (Encrenaz2022)

3.Evolution of water abundance on Mars. Loss of water

through time (Villanueva+2021, Jakosky2021)

2. Is there phosphine on Venus? (Encrenaz2022) 

Connection with Astrobiology (Sousa-Silva+2019)

4.Study methane detection and abundance variability. What

is the source of methane? (Korablev+2019, Giuranna+2019, 
Webster+2021)
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Methods – The Planetary Spectrum 
Generator

Villanueva+2018
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Methods – NEMESIS

Villanueva+2018

• NEMESIS (Non-linear Optimal Estimator forMultivariatE Spectral AnalySIS) is a general purpose 
radiative transfer and retrieval tool designed for analysing visible/infrared observations of any planetary 
atmosphere (Irwin+2008)

• Originally developed for solar system studies (Cassini/CIRS observations of Jupiter, Saturn and Titan), 
but extended for primary transit, secondary eclipse and direct imaging of exoplanets/brown dwarfs.

• Designed from start to be generally applicable to any planetary atmosphere and originally designed for 
use with a correlated-k forward model.

• Handles thermal emission and scattering

• Open Source
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Methane on Mars and Phosphine on Venus
3.3 µm, 10.5 µm

Positive Detection on Mars Express

Fig.1- Data (blue) (Giuranna+2019) compared with a model
with no CH4 (orange) and other with 18 ppb of CH4 (green)

Dias+2022, Atmosphere 13(3), 461

Non-Detection of Phosphine – IRFT (Mauna Kea)

Fig.2. Best-fit model (VIRA) as compared with
TEXES observations (Encrenaz+2020)
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Sulphur Dioxide on Venus
7.4 µm

Fig.3. Method of the line depth ratio. 
Ldr=d(SO2)/d(CO2). Model input:  VIRA (Zasova+2006)

Fig.4. Best-fits obtained for TEXES observations
(Encrenaz+2012). 

Dias+2022, Atmosphere 13(3), 461 6

χ2/N (VIRA) ~  6
χ2/N (VGCM) ~  1

vmr (SO2) ~ 120 ppb



Determining the D/H ratio on Mars
7.2 µm

Dias+2022, Atmosphere 13(3), 461

D/H ~ (5.3-6.5) D/H (Earth)

Fig.5. Comparison between EXES data (left) (Encrenaz+2019) and normalized radiance simulation (right), at 1388-
1389.2 cm-1.
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Vulcanic plumes on Venus
Creating a model using VIRTIS-H nightside observations

8
Fig.6. Comparison between VIRTIS-H data (green) (ref) and simulated spetra (blue – a priori model, Orange – first fit
with scaled volcanic profile)
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How to identify vulcanic plumes on Venus?
SO2 variations, 1-2.5 µm, Dayside

Fig.7. Radiance variation in response to a 10 % variation of the SO2 abundance, for each pressure layer of the model atmosphere.
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The D/H ratio on Jupiter
7-12 µm, ISO data

Fig.8. Comparison between ISO data (orange) and modelling. PSG model – blue, NEMESIS model - green
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Constraining the methane abundance
800-1200 cm-1

Fig.9. Radiance variation in response to a 5 % variation of the CH4 abundance, for each pressure layer of the model
atmosphere, using NEMESIS.
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Fitting the T and the CH4 abundance
800-1200 cm-1

Fig.10. Comparison between ISO data (orange) and fitted models. ISO data – green, PSG best fit - orange
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Conclusions and prospects

• Positive detection of SO2 and estimated abundance in agreement with
literature (Encrenaz+2012). Ongoing work on simulation of vulcanic
plumes.

• The sensitivity of the PSG model to small variations of H2O and SO2 was
explored to study the Effect of possible vulcanic plumes on the spectra of
Venus (EnVision mission)

• The historic detection of methane by Mars Express was reproduced using
PSG.

• Determination of D/H on Jupiter with PSG and NEMESIS is ongoing.

• Ongoing work in the context of the EnVision and Ariel space missions

13



Thank you!!
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Observations

Extra slides



Phosphine and methane as (possible) Biosignatures

Greaves+2020
Fletcher+2016

Webster+2021
Korablev+2021
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The Importance of Sulphur Dioxide

Zhang et al. 2012 Encrenaz et al. 2012

4



Atmospheric Composition

7

Institute of Astrophysics and Space Sciences, Faculty of Sciences, U. Lisbon
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Geometry of Observation

Institute of Astrophysics and Space Sciences, Faculty of Sciences, U. Lisbon



Atmosphere – Composition and Thermal
Sctructure

Institute of Astrophysics and Space Sciences, Faculty of Sciences, U. Lisbon

Hydrostatic Equilibrium

Absorption

Emission

Adiabatic lapse rate



Instrument Parameters
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