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CURRENT OPERATIONAL SETUP BACK IN 2019, FIRST STEPS IN COUPLED DA FOR ATMOSPHERIC COMPOSITION AND NWP
* Two sets of models * Assimilation of IASI observations in ARPEGE for ozone
— Numerical Weather Prediction (NWP) models are ARPEGE (global domain) - 0. Coopmann’s PhD work aimed at evaluating the extension of the ARPEGE control variable (vorticity, divergence, temperature, humidity,
and AROME (regional domain). surface pressure) to add ozone and used IASI observations to jointly initialise ozone with other variables.
- Atmospheric Composition (AC) model is MOCAGE (both global and * Why IASI and infrared sensors?

regional domains), which is an off-line Chemistry Transport Model (CTM).
— With 8461 channels, IASI is sensitive to many gazeous species (ozone, CO, SO,, CH4, N2O, CO., humidity), skin temperature, temperature.

* With weak interactions IASI is also sensitive to clouds and mineral aerosols. This kind of measurement eases the joint description of many variables at a glance.

—» MOCAGE uses meteorological forcing from ARPEGE. * Which impact of this coupled DA?

— Limitations: Background errors for ozone were not taken from an EDA and there were no cross-correlation between errors for ozone and errors

- No feedback from MOCAGE into ARPEGE or AROME. . . . . A o
for the usual NWP variables; no cycling of ozone fields in the assimilation cycle, ozone from MOCAGE was used for each assimilation.

* Two separate data assimilation (DA) systems _. Positive impact on assimilation of usual observations for NWP (fig1) and on NWP forecasts (fig2)!
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* Some shared observing systems are assimilated
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ACCALMIE AND ON-LINE AC MODELLING ON-GOING DEVELOPMENTS OF ARPEGE-COMPO AND AROME-COMPO - TOWARDS A STRONGER COUPLING
* Internal project at Météo-France * Aerosols of the day in ARPEGE and AROME
-~ ACCALMIE stands for « Approche Coordonnée pour la Composition - As part of the improvement studies for next operational NWP configurations, the introduction of the aerosols of the day, from MOCAGE,
Atmosphériqgue dans Les Modeles de Météo-France, en ligne et hors ligne », Into ARPEGE and AROME is being evaluated, for their benefits on the radiation calculations in these models.
le. Coordinated Approach for Atmospheric Composition in Metéo-France’s
atmospheric models, on-line and off-line. — This work paves the way for also introducing gases of the day (like ozone, for instance).
—. All processes related to emission and production of gazeous and particulate — The use of aerosols of the day for microphysics in AROME is also prepared, in a more prospective approach.

compounds, their transformations and chemical reactions, transport and
deposition, used in the following models, have been gathered in a unique

library ACLIB (Atmospheric Composition LIBrary) « ARPEGE-Compo and AROME-Compo

* MOCAGE and IFS-compo(MOCAGE . . " . .
Po( ) — In order to develop our next-generation atmospheric composition models, ARPEGE-Compo and AROME-Compo are being built upon NWP

e ARPEGE climate ESM ARPEGE and AROME, using the full capacity of the atmospheric composition processes available in ACLIB.
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e« AROME-dust — First steps of validation deal with aerosols (especially desert dusts, cf. fig3).

* MesoNH-chemistry

Interfaces in the atmospheric models have been modified accordingly * Which level of coupling in the model?
» Implementation - Within ARPEGE-Compo, first operational implementation will have no retro-action of aerosols on
the radiation processes. Aerosols from AREPGE-Compo will be provided to NWP ARPEGE.

- MOCAGE 2026.11 (so-called U1l for CAMS).

— Cautiously, retro-actions of atmospheric compostion on meteorological processes will be activated, Fig.3: 24h forecast of total column of
—» ARPEGE and AROME cy49t1. _ o desert dusts in ARPEGE-Compo, valid
As ozone and aerosols in the radiation scheme. on 26 August 2026 at 00UTC, zoom
over North Africa and Europe
— MesoNH v6
WHAT ABOUT DA IN ARPEGE-COMPO AND AROME-COMPQO? - WHICH OBSERVATIONS FOR MORE COUPLING? WHAT ABOUT Al - MACHINE LEARNING?
* Data Assimilation Methods * General approach common to AC and NWP
—» NWP AROME runs a 3DEnVar in operations and will switch to 4DEnVar in late 2026. — Bilas correction
-~ NWP ARPEGE runs a 4DVar in operations and benefits from the 3DEnVar in research mode. — Cloud identification and characterization
~. ARPEGE-Compo and AROME-Compo will start with 3DEnVar configurations, making it easier to implement new species in the DA. — Evaluation of scene-dependent observation errors

- Improvement of the radiative transfer models (speed and accuracy)

* Infrared sounders: key instruments for an advanced coupled data assimilation
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DA system makes it possible to correct many variables in a consistent way, with no caveats of

Assimilating simultaneously level 2 (products) and level 1 (radiances) for different species. Fig.4: Average of IASI-NG spectra measured _, Improvement of RTM speed for aerosol scattering
over France on 30 September 2025 in

brightness temperatures, illustrating sensitivity
of IASI-NG to various gaseous compounds.
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— The infrared region of the spectrum emcompasses sensitivities to many gazeous species (fig4), * Specific features for Atmospheric Composition
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-‘| o M — Detection of plumes (dusts, SO-, etc.)

™\
Skin temperature and emissivity, atmospheric temperature, clouds and some aerosols. V

— Assimilating infrared sensors as radiances (or brightness temperatures) at once in a coupled . Detection of species in the infrared spectrum that may not be

properly described in the RTM simulations, to discard affected pixels
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* First steps with ARPEGE-Compo and AROME-Compo « Background error description

— Within the Horizon Europe CAMAERA project, IASI radiances are assimilated in ARPEGE-Compo for Desert Dusts _, Improve cross-variable error correlation description

— Auguste Malllot’'s on-going PhD aims to assimilate IRS radiances in AROME-Compo to correct both NWP variables and Desert Dusts _, Help modify AC variables that are not observed but linked to other variables

— Addition of ozone and carbon monoxyde to the control variable of ARPEGE-Compo is planned as a second step il il e sl (e Moy
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