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BACKGROUND
FIRMOS (Far-InfraRed Mobile ObServatory) is a versatile 
FTS developed at CNR-INO with the support of ESA and 
ASI. It can operate both from ground and stratospheric 
balloons. Since 2019 FIRMOS has been deployed in 
measurement campaigns supporting the development of 
the ESA FORUM (Far-infrared Outgoing Radiation 
Understanding and Monitoring [1]) mission. FIRMOS can 
cover the spectral range from 100 up to 1600 cm-1, with 
spectral resolution up to 0.3 cm-1.  
The measurements are analyzed with several radiative 
transfer and inversion codes. Among them, the FARM 
(FAst Retrieval Model) was specifically developed to 
assess the advantages of the synergistic inversion of 
coincident spectral radiance measurements (like FORUM 
& IASI-NG [1] and CAIRT & IASI-NG [2]).

FARM INVERSION
Bayesian inversion algorithm, using a priori and Tikhonov 
constraints. The cost function can include up to two 
radiances yi sounding the same air-masses:
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The minimum of the cost is found with the iterative 
Levemberg-Marquardt approach and a stopping criterion.

THE FARM RADIATIVE TRANSFER MODEL
FARM uses σ-IASI/F2N, a fast quasi-monochromatic 
radiative transfer model developed at UNIBAS and UNIBO 
(see [3] and references therein). Uses parametrized gas 
optical depths, Chou / Tang scaling to simulate clouds, 
computes analytical Jacobians; so far it can handle only 
nadir and zenith measurements, work is in progress to 
extend to the CAIRT limb- measurements.

THE STATE VECTOR
x = ( T(p), Ts, VMRi=1,…,N, e(v), CLD )
CLD = ( WC(p), De(p) )i/w or ( CTH, CBH, WC, De )i/w

MEASUREMENT CONFIGURATIONS HANDLED

EXAMPLE OF APPLICATION
● Measurements from the Zugspitze 

(2962m AMSL) campaign by the 
European Space Agency (ESA), 
Jan – Feb 2019.

● FIRMOS and E-AERI (Extended-
range Atmospheric Emitted Range 
Interferometer) measured 
simultaneously the downwelling 
spectral radiance.

FARM inversion in a clear-sky case
T and H2O retrieval
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Temperature DOFs:
● FIRMOS: 3.25
● E-AERI: 6.47
● SYNERGY: 6.54

Water vapour DOFs:
● FIRMOS: 3.04
● E-AERI: 4.01
● SYNERGY: 4.08

Δv = 0.3 cm-1

Δv = 0.5 cm-1

Supported synergistic 
measurement 
configurations:

A) Zenith – Zenith
B) Nadir – Nadir
C) Nadir – Zenith

Slant views are 
supported, so far limb 
views are not supported.
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