INO-CNR A Fast Retrieval Model for Synergistic Inversion of FORUM

and IASI-NG Measurements
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Background 05— T
I — Clear sky

FORUM (Far-infrared Outgoing Radiation Understanding and Monitoring) will be the ESA Earth Explorer 9 mission, planned for launch in the time frame 0.12 cimus cloud]_
2026 - 2027. The core FORUM instrument will be a FT spectrometer measuring, for the first time from space, the outgoing spectral radiance from the FAR- E 7
to the MID- infrared spectral regions, namely, from 100 to 1600 cm™. :; 0.09_ |
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FORUM will fly in loose formation with the MetOp-5G-1A satellite, hosting the Infrared Atmospheric Sounding Interferometer - New Generation (IASI-NG). =
The MIR (645 to 2760 cm™) upwelling atmospheric spectrum measured by IASI-NG will complement the FORUM FIR spectrum, providing an % 0'06_ |
unprecedented spectral coverage, from 100 to 2760 cm™ (see figure on the right). Es
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The joint inversion of tightly matching of FORUM and IASI-NG measurements will permit to obtain high quality Level 2 products thanks to the fact that, / I ME “ IASL-NG
while the FIR part of the spectrum measured by FORUM is the most sensitive to the water vapour content in the UTLS and to cloud microphysical oo e AR

4 Ry | D , |
300 600 900 1200 1500 1800 2100 2400 2700

parameters, the atmospheric windows in the MIR are measured by IASI-NG with a very high signal-to-noise ratio, thus supplying very precise information Wavenumber e

on the surface temperature and on the temperature profile, which are essential to constrain the retrieval parameters.

Inversion model The state vector includes Instrument parameters assumed
Bayesian [1] inversion of FORUM and / or IASI-NG Temperature, H O and O, vertical profiles * JASI-NG
measurements. Surface Temperature :
_ _ -1
Cost function: Surface spectral emissivity Spectral coverage 645 - 2760 cm
, = o R Still to be implemented: cloud parameter and other gases retrieval Spectral sampling 0.125 cm™
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radiative transfer code [2, 3]. Advantages: Ground pixel 12 km
2 _1 (diameter at nadir)
ZK?‘-ak—lsa’f (yi = Fi(xk-1)) + 8, (%a — Xk-1) A) Being monochromatic, this model
1=1 R . .
can be easily exploited to simulate measurements from several .~ |
. . instruments by convolving high-resolution (0.01 cm™?) simulated radiance
DlagnOSthS with the related instrument spectral response functions. = 100 | g ’ " |ASI-NG NESR N
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The r§tr|eval erroris estimated with the error B) The radiance can be simulated assuming instrument line of sight - FORUM ARA (GOAL) ((@ 200K
covariance matrix: with given zenith angle, thus making easier the calculation of outgoing " ’
2 -l spectral / total fluxes via angular integration e.g. with the Gauss quadrature. S 10 L TS S St S
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The averaging kernels (AKs) are computed as: REferenceS = i
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Example results for FORUM-only retrieval, Antarctic Winter atmosphere
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Error bars are evaluated from the retrieval
covariance S. Shadowed areas represent the st.

0.01 0.1 dev. of the differences retrieved minus true, thus is
H, O (g/kg) H, O differences / errors (%) an ex-post estimate of the retrieval error.
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Summary |/ conclusions
The retrieval algorithm developed is self consistent, I.e. as the measurement noise vanishes, the retrieval converges to the Acknowledgments
true atmosphere / surface state used to generate the synthetic measurements.

The inversion system was used to assess the performance of FORUM retrievals in clear sky: the key clear-sky Level 2
FORUM products will be the water vapour profile, with a retrieval error of less than 10 % in the UTLS region, and surface
spectral emissivity with an error smaller than 0.01 in the 300 — 600 cm™ range, in Polar regions.

FORUM related studies are supported by projects of the Italian
Space Agency (ASI) and of the European Space Agency (ESA).
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The synergistic exploitation of FORUM and IASI-NG measurements permits to reduce significantly the retrieval errors, @ﬁ & esa

especially for tightly matching measurements. agenzia spaziale \K’
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