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Extend to all sky conditions

Algorithm development completed and tested on synthetic data.
Next steps:

Apply the developed algorithm to IASI data → Compare results with existing methods in the literature, for example [8].

Use the selected channels → Perform radiance assimilation tests in WRF and MPAS models.

CONCLUSIONS AND ONGOING WORK
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FORUM [5,7] (Far-infrared Outgoing Radiation Understanding 
and Monitoring) is a Fourier Transform Spectrometer selected 
as the ninth Earth Explorer mission by the European Space 
Agency in 2019. It is scheduled for launch in 2027. 
It will provide interferometric measurements in the Far-
InfraRed (FIR) spectrum (100-1600 cm-1 region), constituting 
50% of Earth’s outgoing longwave flux [3].
Accurate Top Of the Atmosphere measurements in the FIR are 
crucial for improving climate and weather prediction models.

FORUM MISSION

INTRODUCTION

Funded by: Italian Space Agency (ASI)
Partners: CNR-IBE, CNR-IFAC, CNR-ISAC, Politecnico di Torino, 
University of Bologna.

Enhance Forecasting Accuracy
Develop, test, and refine data assimilation procedures for 
FORUM measurements in weather and coupled atmosphere–
ocean models, to improve atmospheric forecasts and assess 
FORUM's potential across various spatial and temporal scales.

Support Climate Model Validation
Develop a FORUM measurement simulator within a cutting-
edge climate model to evaluate its use in tuning and validating 
climate models, leveraging both synthetic and real FORUM 
data.

MC-FORUM PROJECT

This work focuses on the meteorological (NWP) aspect of the 
project.

Motivation:
assimilating full spectra in NWP models is computationally 
expensive. Our goal is improve the efficiency of data 
assimilation by selecting a limited set of highly informative 
spectral channels, avoiding redundancy and preserving 
forecast accuracy.

It is centered on FORUM hyperspectral measurements (about 
5000 channels).
The methodology is also applied to IASI data (8461 channels) 
to allow comparison with methods available in the literature.
Variables of interest for NWP: surface temperature, air 
temperature, water vapor.

OBJECTIVE OF THIS STUDY

1) Computation of the weighting functions:

𝑊𝜔 𝑧 =
𝛿𝜏 𝑧

𝛿𝑧
, with 𝜏 transmittance, 𝑧 altitude, 𝜔 wavenumber.

It describes the sensitivity of transmittance to altitude variations and is specific to a particular spectral channel 
ω, indicating the altitude at which that channel has contributed to the observed radiance.

2) Application of the McMillin and Goldberg algorithm [4] independently at each altitude level:

The atmosphere is discretized into altitude levels 𝑧𝑖 , 𝑖 = 1, … , 𝑁 and spectral channels 𝜔𝑗, 𝑗 = 1, … , 𝑞.

Let 𝑊𝑗,𝑘
𝑖  be the weighting function at level 𝑖, channel 𝑗, and scenario 𝑘, with 𝑘 = 1, … , 𝑚.

We consider the covariance matrix al level 𝑖 whose components are:  𝑪𝑖
𝑗,𝑘

= Cov W𝑗,1:𝑚
𝑖 , W1:𝑞,𝑘

𝑖 . 

   

3) Finally ,we combine the sets of 
channels selected at each level to 
form a unified set of informative 
channels across all levels: 

𝐴∗ = ∪𝑖=1
𝑁 𝐴𝑖,∗.

DATASET: 80 clear-sky atmospheric scenarios capturing latitude and seasonal variability (NWP SAF [2]).

SIMULATION TOOL: 𝜎-FORUM (v2.4) fast radiative transfer model [2], LBLRTM for optical depth computation [9].

ALTITUDE FOCUS: up to 200 hPa (above this threshold minimal meteorological impact). 

Average errors along with the corresponding standard deviations

OPTIMAL ESTIMATION FRAMEWORK [6]

1) Full covariance matrix:

𝑺𝒙𝑘
= 𝑲𝒙𝑘

𝑇 𝑺𝒚𝑘
−1𝑲𝒙𝑘

+ 𝑺𝑎
−1 −1

,

with 𝑲𝒙𝑘
 Jacobian of radiance w.r.t. atmospheric parameters 𝒙𝑘 , 𝑺𝒚𝑘

 covariance 

matrix of measurements (diagonal, contains NESR), 𝑆𝑎 a priori covariance matrix. 

2) Reduced covariance matrix (selected channels only):

𝑺𝒙𝑘
′ = 𝑲𝒙𝑘

′ 𝑇
(𝑺𝒚𝑘

′ )−1 𝑲𝒙𝑘
′ + 𝑺𝑎

−1
−1

,

with 𝑲𝒙𝑘
′  and 𝑺𝒚𝑘

′  reduced versions of 𝑲𝒙𝑘
and 𝑺𝒚𝑘

based on selected channels.

3) Analysis of error impact: compare diagonal elements of 𝑺𝒙𝑘
 and 𝑺𝒙𝑘

′  (the errors 

associated with each parameter in a specific atmospheric layer.

RESULTS – clear sky

PRE-SCREENING

Objective: avoid gas (O3, N2O, CH4, CO2, CO) contamination.

Methodology: for each gas 𝒙𝑔, consider its climatological standard deviation 𝝈𝑔, and 

discard channel 𝜔 such that:

(𝑲𝒙𝑔
𝝈𝑔)𝜔 > 𝑁𝐸𝑆𝑅𝜔

Selected channels 

Gas impact
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