
HAL Id: meteo-03658351
https://meteofrance.hal.science/meteo-03658351

Submitted on 3 May 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Contribution of the MTG/IRS radiance assimilation in
the characterization of the atmospheric chemical

composition
Francesca Vittorioso, Nadia Fourrié, Vincent Guidard, Marine Claeyman,

Jérôme Vidot

To cite this version:
Francesca Vittorioso, Nadia Fourrié, Vincent Guidard, Marine Claeyman, Jérôme Vidot. Contri-
bution of the MTG/IRS radiance assimilation in the characterization of the atmospheric chemical
composition. 5th IASI conference, Dec 2021, Évian-les-bains, France. �meteo-03658351�

https://meteofrance.hal.science/meteo-03658351
https://hal.archives-ouvertes.fr


I. Introduction

Air quality can deeply affect population health and environment. This is associated with atmospheric composition near the surface. It is influenced by local contributions (emissions), chemistry and small-scale and
large-scale transport. Its modelling is complex because it involves several physical and chemical processes. Weather conditions, and especially winds, play an important role in dispersion or accumulation of chemical
compounds and fine particles.
The observation system of the atmospheric chemical composition is mainly based on “in situ” measurements and observations from polar orbiting satellites. However, in situ measurements are few and very
localized. Measurements from polar satellites, on the other hand, although nowadays very valid, are limited by the scanning of the satellite footprint. This often limits the study of the transport of a specific species.
For this reason, having exploitable data from sounders based on geostationary satellites would represent an interesting improvement.
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Contribution of the MTG/IRS radiance assimilation in the 

characterization of the atmospheric chemical composition

II. Modèle de Chimie Atmosphérique à Grande Echelle (MOCAGE)

Météo-France takes part to the operational air quality forecasting system with the MOCAGE
chemistry-transport model (developed since 2000).

Three-dimensional model that covers the global scale (GLOB11),
down to a smaller scales (e.g. MACC01), using two-way nested grids.

Non-uniform vertical resolution: 47 vertical altitude-pressure levels
from the surface up to 5 hPa. A 60 hybrid levels version is actually
used in research mode: from surface, up to 0.1 hPa.

MOCAGE simulates gases, primary aerosols and secondary inorganic
aerosols.

Meteorological forecasts (wind, pressure, temperature, specific
humidity, precipitation) are used as input (e.g ARPEGE or ECMWF
meteorological forecast from IFS). MOCAGE DOMAIN 

MACC01 (0.1° x 0.1°)

MOCAGE GLOBAL DOMAIN 
GLOB11 (1° x 1° grid)

III. Meteosat Third Generation (MTG) – Infrared Sounder (IRS)

The Infrared Sounder (IRS), which will be launched in 2023 on board the Meteosat Third Generation
(MTG) geostationary series, will be able to provide ~6 km resolution data (over Europe), with a temporal
sample of less than one hour.

TOT: 1960 channels TOT: 3633 channels

While the IRS is 
being build, a new 

version with 
increased spectral 

resolution is 
already being 
considered.

IRS characteristics 
can be essential in 

deducing 
information about 

atmospheric 
pollution.

It will cover two 
bands over the 

Infrared spectrum.

IV. GOALS
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Evaluating the contribution
of MTG/IRS radiance
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Studying the atmospheric pollution
analysis quality as a function of the
IRS spectral resolution: an IRS with
increased resolution compared to
the one at present under
construction will be examined
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V. Observing 

System Simulation 

Experiments 

(OSSEs) 

Synthetic observations:
created through a simulator of
observations, which usually is
based on a radiative transfer
code and on the instrument
characteristics.

Observation 
Simulator

Control Run (CR):
realized with different model or
with different configurations
compared to the NR. Differences
between CR and NR must be
similar to those existing between
standard simulations representing
reality and a real atmosphere.

Assimilation Run (AR):
realized with the same
configuration as CR, by
assimilating the synthetic
observations created from
the NR.

Observing System Simulation 
Experiments (OSSEs):

are assessment tools for new data, 
i.e. data obtained by hypothetical 
observing systems that do not yet 

exist [Masutani et al. (2010)].

Nature Run (NR):
reference atmospheric state for the entire
OSSE, providing the “truth”. Usually produced
with a good-quality, realistic model in a free-
running mode without data assimilation.
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Simulated IRS spectrum (Ozone band)982.464 cm -1 1099.467 cm -1

Radiance simulation for IRS channel 503 mW/m2/sr/cm-1 mW/m2/sr/cm-1Radiance simulation for IRS channel 601

VII. IRS observation simulationsVI. IASI L1C Ozone assimilation in MOCAGE (60 lev) 

Run over the period June-July 2019 with settings: 

 Assimilation of 34 IASI channels in Ozone sensitive band (selected during another project)
 Bias correction + full R matrix diagnosed trough Desroziers method

01/06 – 15/07/2019

Mean Bias =
1

𝑁𝑑𝑎𝑦𝑠
 

𝑖

(𝑁𝑅𝑖 − 𝑅𝑈𝑁0𝑖)

𝑁𝑅𝑖= daily average of the considered field from Nature Run

𝑅𝑈𝑁0𝑖= daily average of the considered field from Run 0

Corr =

1
𝑁𝑑𝑎𝑦𝑠

 𝑖(𝑁𝑅𝑖 − 𝑁𝑅)(𝑅𝑈𝑁0𝑖 − 𝑅𝑈𝑁0)

𝜎𝑁𝑅𝜎𝑅𝑈𝑁0
𝜎 = standard deviation

𝑁𝑅 and 𝑅𝑈𝑁0 = mean values

𝑁𝑑𝑎𝑦𝑠=45

-2.5          -1.5            -0.5               0.5             1.5            2.5

Data Min = -0.2,     Max = 3.1,    Mean = 1.5 Data Min = -0.6,     Max = 1.0,    Mean = 0.7 

World Ozone and Ultraviolet Radiation Data Centre (WOUDC) location

VIII. Validation through Ozone Sondes

IX. Next steps

 Completing Nature Run in the present configuration + evaluating other configurations (amount

of IASI channels to assimilate, error matrices, etc). NR1, NR2, NR3 choice

 Finalizing the evaluation of the Control Run

 Completing the IRS and IRS*2 observation simulations

 Assimilation Run

 Evaluation of the IRS and IRS*2 Assimilation in MOCAGE

At this stage, 
only clear sky 

pixels have been 
simulated

(*)

IRS IRS*2

Spectral samplings: ~ 0.603 cm−1(LWIR) 

~ 0.604 cm−1 (MWIR)

LWIR:~ 679.70 – 1210.44 cm−1 (881 channels)

MWIR: ~ 1600.00 – 2250.20 cm−1 (1079 
channels)

Spectral sampling: 0.3251 cm−1

LWIR: 680.00 – 1210.24 cm−1 (1632 channels)

MWIR: 1600.00 – 2250.20 cm−1 (2001 channels)

It is possible
to validate
results of the
different runs
through
many real
obs.
Here a first
comparison
is performed
using the
WOUDC
Ozone
Sondes
observations.


