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Inverse Problem/Retrieval

Data/Radiance

Physical quantities/state of the atmosphere

• Temperature profile
• Gas profiles
• Cloud properties

Forward model - σ-FORUM for Mars 

σ-FORUM

Conclusion and next steps

Optical Depths computation

† Part of the research activities described in this paper were carried out with contribution of the Next Generation EU funds within the National Recovery and Resilience Plan (PNRR), Mission 4 -Education and 
Research, Component 2 - From Research to Business (M4C2), Investment Line 3.1 - Strengthening and creation of Research Infrastructures, Project IR0000038 – “Earth Moon Mars (EMM)”. EMM is led by INAF in 

partnership with ASI and CNR.

Mars is the most studied planet after Earth because of its proximity, in relation to the search for life and human 
exploration and several measurements have been gathered in the past years from different satellite missions. In 
the context of the Earth-Moon-Mars (EMM) project†, this work aims to create a new tool for a fast and accurate 
analysis of old and upcoming data from Mars to expand our knowledge of the Martian atmosphere and, in a 
comparative planetology approach, also Earth’s. Although the final pipeline will include a retrieval module, here 
the focus is on the forward model. Taking advantage of its flexibility and capabilities, this project aims to extend 
the application of the recently developed forward model σ-FORUM [1] to the atmosphere of Mars.

σ-FORUM

OUTPUT:
Radiance

OUTPUT:
Jacobians

INPUT:
State of the 
atmosphere

Precomputed OD Cloud properties CIA coefficients

The OD of the Martian atmosphere are computed using a line-by-line radiative 
transfer code, the Planetary Spectrum Generator (PSG) by NASA [2]. 

Gasses CO2, CO, H2O, HDO, O3, HCl

Spectroscopic Database HITRAN2020 [3]

Frequency range 100-3000 cm-1

Frequency resolution 10-4 cm-1

Atmospheric Database Mars Climate Database (MCD) v5.3 
[4]

Atmospheric Layering Custom, fixed pressure grid

OD fitting as a cubic polynomial function of T 

OD binning 1e-4 → 1e-2 cm-1

OD computation using PSG (for each gas, T, 𝜈)

Computation of mean profile

Retrieval of sample profiles from MCD

New pressure grid is defined looking at the 

pressure distribution.

σ-FORUM 
requirement 

Integrated in PSG

OD computation pipeline

CO2-CO2 CIA Continuum

New mean profiles for temperature and gas VMR

From HITRAN Collision Induced Absorption (CIA) data a new 
table of coefficients is computed for T between 100 and 300 
K and 𝜈 between 100 and 3000 cm-1.

𝜏 𝜈, 𝑇 = ℓ ⋅ 𝑘𝐶𝑂2−𝐶𝑂2 𝜈, 𝑇 𝜌𝐶𝑂2
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• Martian OD are successfully computed and parametrized. Lookup tables are produced to be ingested into σ-
FORUM. CIA Continuum coefficients are preprocessed to be used by the code.

• The code σ-FORUM has been modified to be suitable to the Martian atmosphere (σ-FORUM4Mars). The next 
step is to produce full resolution spectra and compare then with the reference code PSG

• Tables of appropriate Cloud and Aerosol (dust) Properties must be created for the “cloudy/aerosol sky” 
conditions

• Once the Forward Model is ready, it will be used inside a retrieval chain to 
analyse real data. Instruments that will be considered are ACS-TIRVIM, on board 
the ExoMars-TGO [5], and the EMIRS on board the Emirate Mars Mission [6].

Optical depth fit

Martian temperature and gas VMR 
profiles are retrieved for one Martian year 
(from 24-03-2019 to 08-02-2021)  every 
∼5 degree in latitude and longitude 
(64×49). 

• Multi-purpose tool developed to study Earth’s spectrum in the InfraRed(IR) (5-3000 cm-1) at high 
resolution (10-2 cm-1). 

• Developed in the frame of the FIT-FORUM project supported by ASI (Agenzia Spaziale Italiana).
• The speed depends on the use of precomputed parametrized optical depths on fixed pressure 

levels (OD).
 

𝜏𝑙,𝑔,𝜈 = 𝜌𝑙,𝑔 𝐶𝑙,𝑔,𝜈,0 + 𝐶𝑙,𝑔,𝜈,1Δ𝑇𝑙 + 𝐶𝑙,𝑔,𝜈,2Δ𝑇𝑙
2 + 𝐶𝑙,𝑔,𝜈,3Δ𝑇𝑙
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• Computes analytical derivatives allowing retrieval (Jacobians).
• Includes multiple scattering effects to deal with cloudy/aerosol conditions by exploiting a scaling 

methodology.
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