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In 2021, Météo-France finalised a new 
Contract of Objectives and Performance 
(COP) with the State for the period 2022 
to 2026. It has been built in line with the 
2020-2030 Scientific Strategy, approved 
in 2020. Research occupies a privileged 
place in it, as it supports all the institution's 
missions. It is the source of the progress 
that is then implemented in terms of 
observation, modelling, numerical weather 
forecasting and climate studies. It enables 
the establishment to constantly improve 
the quality of its operational products and 
services and to open up new areas to meet 
the expectations of society and public 
authorities.

In 2021, the two new supercomputers 
became operational in February, bringing 
an increase in power by a factor of 5.5. The 
operational numerical weather prediction 
suite have been installed identically, but 
above all the first major evolutions of this 
suite have been tested since mid-2021. 
For the first time, the ensemble forecasting 
systems AROME-France and ARPEGE will have 
the same resolution as the deterministic 
versions. ARPEGE also benefits from a major 
evolution of its physics with a new deep 
convection scheme. The resolution of the 
AROME overseas systems will be reduced 
from 2.5 km to 1.3 km, which will particularly 
benefit the realism of precipitation. This new 
suit will be installed in operation by mid-2022 
and will bring significant progress in both 
global and regional forecasts. The details of 
this next operational suit are the subject of 
one of the three main topics highlighted in 
this report.  

The 2021 research report, as agreed with 
the new management of the CNRM (Samuel 
Morin and Nadia Fourrié), now separated 
from the research management of Météo-
France, highlights three major topics this 
year. In addition to a description of the 
scientific features of the future version 
of the operational numerical weather 
prediction suite, the report highlights several 
contributions from Météo-France to the 6th 
IPCC report. The CNRM, in association with 
CERFACS, has made a major contribution to 
the Sixth Coupled Model Intercomparison 
Project (CMIP6), producing 35,000 years 

of simulations, using around 300 million 
hours of computing time provided by the 
Météo-France HPC centre between 2016 
and 2021. CNRM's CMIP6 simulations were 
the first to be distributed in the summer of 
2018, which contributed to their massive 
use in numerous publications and for the 
6th IPCC report. Many CNRM researchers and 
engineers contributed to this sixth exercise, 
and it is worth noting the huge investment 
of a CNRM researcher who coordinated the 
chapter on water cycle changes in the IPCC 
Group I assessment report.

The third topic highlighted concerns future 
satellite instruments, which herald "a new 
revolution for meteorology and climate". 
Satellite observations play a key role in the 
initialization and evaluation of numerical 
weather prediction systems, air quality and 
atmospheric composition, as well as in the 
study of processes and climate. The next 
two major EUMETSAT missions will bring 
new decisive observations, in particular for 
AROME-France. These are the geostationary 
satellites Meteosat Third Generation with its 
"imager" and "sounder" instruments and 
the low-orbiting satellites METOP Second 
Generation with a new generation of the 
hyperspectral sounder IASI.

In the field of forecasting, the efforts and 
progress expected in assimilation are 
focused on the development of EnVar 
assimilation schemes. The first encouraging 
results obtained with the 3DEnVar scheme 
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applied to AROME are a first step towards 
the 4DEnVar objective. This new scheme 
will allow AROME-France to assimilate more 
observations, in greater detail, and in a better 
way, thus enabling regular improvements in 
metropolitan forecasts, over the duration of 
the new Météo-France COP.

The other works and results are presented 
by main themes in relation to the priority 
research areas of Météo-France. Process 
studies, measurement campaigns, overseas 
territories, hectometric resolution, cities 
and their heat islands, climate, seasonal 
forecasting, atmospheric composition, snow 
and mountains are not left out. All this work 
contributes to the continuous improvement 
of knowledge and forecasting of phenomena, 
which are the task of the Institute to monitor 
and forecast. They are all on the menu of this 
Research Report 2021 ...

In order to pursue these advances, the 
research entities of Météo-France are 
involved in numerous national and 
international (especially European) research 
projects. Of particular note in 2021 is the 
success of the OneWater, a Programme 
et Equipements Prioritaires de Recherche 
(PEPR), which focuses on the issue of water, 
a common good, and in which Météo-France 
is a partner. Other PEPRs, notably concerning 
climate modelling, climate services (TRACCS), 
risk studies (IRIMA) and the study of the 
Indian Ocean (BRIDGE) have been prepared 
for 2021 and are awaiting the results of the 

selection process. Météo-France, with its 
numerous partners in the research world, 
has had three projects selected as part of 
the Equipex+ Équipements Structurants pour 
la Recherche. The first is GAIA DATA, which 
aims to facilitate access to Earth system 
data, in particular by supporting the Data 
Terra Research Infrastructures, CLIMERI-
France and the PNDB (biodiversity), and is 
organized around data centers (Atmosphere, 
Ocean, Continental Surfaces, Solid Earth) 
and climate and biodiversity databases and 
simulations, bringing together a total of thirty 
or so Data and Services Centers (DSCs). Then 
comes OBS4CLIM, which is a joint effort for 
innovation and synergy of the three French 
components of the European Research 
Infrastructures ACTRIS, IAGOS, ICOS in the 
atmospheric domain in order to meet the 
new challenges posed to Earth observation 
and to provide their users with qualified 
and relevant data sets. The third success 
is ANVOLE, a project that supports the 
acquisition of a new high-altitude scientific 
laboratory aircraft operated by SAFIRE, the 
Unit associating Météo-France, CNRS and 
CNES, for the understanding of atmospheric 
processes, climate change and natural 
hazards, space observation of the Earth and 
civil and military aviation.

At the Toulouse level, Météo-France has 
joined the ISAE dynamic to create the 
Toulouse Sustainable Aviation Institute, with 
two Toulouse universities, ENAC, Cerfacs, 
the Toulouse School of Economics and the 

Toulouse Business School. The objective is to 
structure the scientific approach to the issue 
of air transport sustainability, to stimulate 
interdisciplinary research and to better 
respond to this major regional, national and 
European issue, at the crossroads of societal, 
economic and technological challenges. 
Météo-France continues to support the 
structuring of higher education and research 
in Toulouse by participating in the TIRIS 
project "Toulouse Initiative for Research's 
Impact on Society" as part of the "Excellence 
in all its forms" call for proposals.

It remains to mention the start of the new 
ACCORD consortium, which brings together 
the regional NWP activities of 26 European 
and North African countries around the 
AROME system, under the leadership of a 
Météo-France scientist. The work plan is 
now defined and aims to address all the 
issues of tomorrow, including dynamic cores, 
the adaptation of codes to different hpc 
architectures and high-resolution physics 
with its 3D effects.

« Bonne lecture »

Marc Pontaud
Director of Higher Education 
and Research
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Météo-France's contribution 
to the IPCC 6th assessment report

The Summary for Policymakers of the contribution of Working Group I to the IPCC 

(Intergovernmental Panel on Climate Change) 6th Assessment Report, approved on 6 August 

2021, provides the main conclusions of a comprehensive assessment of the physical basis 

of past, present and future climate change. The contribution of Working Group II (Impacts, 

Adaptation and Vulnerability) to IPCC AR6 was published at the end of February, that of 

Working Group III (Mitigation of Climate Change) at the beginning of April, and the synthesis 

report is expected in September 2022.

The 6th assessment report of Working Group I was prepared by 234 authors (including many 

French scientists, some of them from CNRM and CERFACS) from 65 countries, and took just 

over three years to complete due to the Covid-19 pandemics. The full report is structured in 12 

chapters (including the one on water cycle changes, coordinated by Hervé Douville, CNRM), is 

nearly 4,000 pages long and is based on the evaluation of 14,000 scientific papers, including 

many papers produced by CNRM researchers. 

The report also relies heavily on new data from the climate simulations of CMIP6 (Coupled 

Model Intercomparison Project phase 6), to which the CNRM made a major contribution, 

in association with CERFACS. In total, CNRM has produced 35,000 years of simulations, 

generating about 1.3 PB of data. For this, about 300 million hours of computing time provided 

by the Météo-France High-Performance Computing Centre have been used over 2016-2021. 

Produced to the standards required by CMIP6 , these simulations are distributed in open 

access via CNRM's ESGF (Earth System Grid Federation) node. Thanks to the commitment of 

CNRM engineers and researchers and in collaboration with CERFACS and IPSL, the CMIP6 

simulations produced by CNRM were the first to be distributed in the summer of 2018, which 

explains why they have been massively used in numerous scientific papers and for the IPCC 

6th assessment report.

The report is complemented by an online interactive atlas accessible online (interactive-atlas.

ipcc.ch), which makes it possible to visualise the evolution of different variables characterising 

the climate (temperature, precipitation, etc.) for a given region, socio-economic scenario and 

time horizon. This atlas is based on the global climate simulations of CMIP5 and CMIP6, 

but also on the regional simulation exercise CORDEX, in which the CNRM was also heavily 

involved.

D. Salas y Melia

1

 

Cover of the IPCC Group I 6th assessment report: 
"Changing" (Alisa Singer)

1
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According to the IPCC 6th Assessment Report 
(AR6), global mean surface temperature 
will continue to rise for at least two to three 
decades, whatever greenhouse gas (GHG) 
emission scenario is considered, and many 
of the changes due to past and future GHG 
emissions are irreversible for centuries or 
even millennia, particularly changes in ocean 
temperature, acidity and oxygenation, ice caps 
and sea levels. From a physical perspective, 
human-induced global warming can only be 
limited to a certain level if we achieve zero 
net carbon dioxide (CO

2
) emissions and 

deep reductions in other GHG emissions. 
Following on from the Special Report SR1.5 
published in 2018, this is partly what the 
IPCC experts are stressing: since emissions 
cannot be stopped immediately, the planet 
is committed to further climate change until 
2050, but the longer-term future is still in our 
hands. But the time frame for stabilising the 
climate over the 21st century is even shorter, 

Some key points from the IPCC 6th report
H. Douville

and the effort to be made to do so is even 
greater than previously estimated, due to 
an upward revision of the lower bound of 
‘climate sensitivity’: 2.5-4°C for a doubling of 
atmospheric CO

2
 according to AR6, compared 

to 1.5-4.5°C according to AR5.  
Other key messages from AR6 include the 
‘unequivocal’ contribution of human activities 
to observed global warming (+1.09°C in 
2011-2020 relative to 1850-1900) but also, 
with a high level of confidence, to many 
other observed facets of global climate 
change (notwithstanding, for example, the 
competing effects of GHGs and atmospheric 
aerosols on the water cycle). The scale of 
these recent changes is unprecedented over 
several centuries to several thousand years. 
As global warming continues, all regions will 
be affected by climate change, and many 
extreme events with high potential impact, 
such as heat waves, heavy precipitation and 
droughts, will become more frequent and 

As part of the CMIP6 intercomparison 
exercise whose model output was used in 
the 6th IPCC report, the CNRM developed and 
produced simulations with three versions of 
its CNRM-CM model: (1) the standard 100 
km resolution model (Voldoire et al., 2019), 
(2) the high resolution model (50 km) and 
(3) the Earth system model based on the 
standard version with the addition of the 
representation of the full carbon cycle, land 
use, stratospheric ozone chemistry as well 
as the activation of the interactive aerosol 
scheme (Séférian et al., 2019).
All three versions are derived from a 
common base and their calibration is 

Development of the CNRM coupled global climate models  
and contribution to CMIP6

D. Salas y Melia, A. Voldoire, D. Saint-Martin, B. Decharme et R. Séférian 

identical. This coherent set of models has 
allowed an objective study of the impact of 
complexity versus spatial resolution on the 
representation of the 20th century climate 
and on future projections. Within these 
three models, version 6 of the ARPEGE-Climat 
atmosphere model (Roehrig et al., 2020), 
developed in synergy with Météo-France’s 
ARPEGE numerical weather prediction model, 
is coupled with the SURFEX-CTRIP continental 
surface platform (Decharme et al., 2019) and 
the NEMO-Gelato ocean-sea ice model. The 
new version of ARPEGE-Climat capitalizes on 
numerous developments initiated since the 
mid-2000s, and which involved the various 

intense. Global surface temperatures will 
continue to rise until at least mid-century 
under most emission scenarios. Unless 
immediate, deep and sustained reductions 
in CO

2
 and other GHG emissions are made, 

the +1.5°C and +2°C thresholds envisaged in 
the Paris agreement will be exceeded during 
the 21st century (as early as 2050 for the +2°C 
threshold in the intermediate scenario, which 
is closest to current emission trajectories). 
While ambitious mitigation policies can 
curb global warming in about 20 years from 
now, their effects will only be felt much 
later at the regional level. Hence the need, 
in order to reduce the magnitude of future 
climate risks, to pursue in parallel policies 
of adaptation to ongoing changes, avoiding 
the maladaptation that consists in particular 
in temporarily limiting the consequences of 
global warming while reinforcing its causes 
and its increase in the medium and long 
term.

departments of CNRM: the new convection 
scheme, coupled with detailed cloud 
microphysics, deals continuously with deep 
and shallow convection; the new turbulence 
scheme improves the representation of 
boundary layers; a non-orographic gravity 
wave scheme allows to take into account 
sources related to deep convection and 
frontogenesis; SURFEX-CTRIP describes 
the processes related to aquifers and 
floodplains.

References:
Decharme, B., Delire, C., Minvielle, M., Colin, J., Vergnes, J.-P., et al. (2019). Recent Changes in the ISBA-CTRIP Land Surface System for Use 
in the CNRM-CM6 Climate Model and in Global Off-Line Hydrological Applications. Journal of Advances in Modeling Earth Systems, 11(5), 
1207-1252. https://doi.org/10.1029/2018ms001545

Roehrig, R., Beau, I., Saint-Martin, D., et al. (2020). The CNRM global atmosphere model ARPEGE-climat 6.3: Description and evaluation. 
Journal of Advances in Modeling Earth Systems, 12, e2020MS002075. https://doi.org/10.1029/2020MS002075

Séférian, R., Nabat, P., Michou, M., Saint-Martin, D., Voldoire, et al. (2019) Evaluation of CNRM earth system model, CNRM-ESM2-1: 
role of earth system processes in present-day and future climate. Journal of Advances in Modeling Earth Systems, 11(12), 4182– 4227.  
http://dx.doi.org/10.1029/2019ms001791. 

Voldoire, A., D. Saint-Martin, S. Sénési, B. Decharme, et al. (2019). Evaluation of CMIP6 DECK experiments with CNRM-CM6-1, Journal of 
Advances in Modeling Earth Systems.

2

Références :
Douville, H., K.Raghavan, J. Renwick, R.P. Allan, P.A. Arias, M. Barlow, R. Cerezo-Mota, A. Cherchi, T.Y. Gan, J. Gergis, D. Jiang, A. Khan, W. Pokam 
Mba, D. Rosenfeld, J. Tierney, and O. Zolina, 2021: Water Cycle Changes. In Climate Change 2021: The Physical Science Basis. Contribution 
of Working Group I to the Sixth Assessment Report of the Intergovernmental Panelon Climate Change [Masson-Delmotte, V., P. Zhai, A. Pirani, 
S.L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M.I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R. Matthews, T.K. Maycock, T. 
Waterfield, O. Yelekçi, R. Yu, and B. Zhou (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, pp. 1055–1210, 
doi:10.1017/9781009157896.010.
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

Design of the Earth system version of the CNRM-CM6 climate model.

2



10 • Research Rapport 2021

The scientific community regularly 
produces climate projections with the 
aim of quantifying the expected climate 
changes in the 21st century and beyond. 
These projections have so far been based 
on climate model simulations. However, at 
the beginning of the 21st century, warming 
is increasing and observations are becoming 
increasingly informative about the magnitude 
of past and future climate change.
Using a new statistical method, we 
adjusted the expected global warming 
during the 21st century by combining the 
latest climate simulations (CMIP6 exercise) 
with observations since 1850. Our results 
suggest that the uncertainty arising from 
climate simulations is significantly reduced 
by taking into account the observations, 
by about a factor of three in the short term 
(before 2050), and by a factor of 2 in the long 
term (end of the 21st century). The expected 
warming in 2100 compared to the period 
1850-1900 is about +2°C (+/-0.6°C) for a 
strong mitigation scenario (SSP1-2.6), +3°C 
(+/-0.6°C) for a scenario with intermediate 
greenhouse gases emissions (SSP2-4.5), 
and +5°C (+/-0.6°C) for a scenario with very 
high emissions (SSP5-8.5). 
This method was used by the authors of 
the 6th report of the IPCC Working Group I 
to adjust the global average temperature 
projections. In addition to the interest of 
these results for adaptation and mitigation 
strategies, many other applications of the 
proposed method are envisaged in order 
to refine climate projections at regional or 
local scales, and/or for variables other than 
temperature.

Shared Socio-economic Pathways. This new 
generation of scenarios has been considered 
for CMIP6 and the IPCC 6th Assessment 
Report, and replaces the RCP (Representative 
Concentration Pathways) used so far.

New climate projections 
combining modelling 

and observations
A. Ribes

Référence : 
Ribes, A., S. Qasmi, and N.P. Gillett, 2021: 
Making climate projections conditional on 
historical observations. Science Advances, 
7(4), eabc0671, doi:10.1126/sciadv.
abc0671.

3

Until now, studies of snow cover trends have 
been limited to small areas of the Alpine 
region and have been based on data from 
no more than a few hundred measuring 
stations. Published in 2021, for the first 
time, a study coordinated by Eurac Research 
and involving researchers from the CNRM 
and the Direction de la Climatologie et 
des Services Climatiques of Météo-France 
has systematically collected and analyzed 
snow data from more than 2,000 measuring 
stations in Italy, Austria, Slovenia, Germany, 
Switzerland and France. The results provided 
a reliable description of snow cover trends 
up to 2000 m elevation. Above, there are 
not enough measuring stations to be able 
to extract reliable information for the entire 
Alpine region. This coherent data set spans 
five decades and was created through the 
collaboration of more than 30 scientists from 
each of the Alpine states. 
The data, covering the period 1971-2019, 
show that snow is unevenly distributed and 
does not decrease everywhere to the same 
extent, but the decadal variability is similar 

Quantifying the decline in snow cover  
in the European Alps since 1971

S. Morin

throughout the Alpine region. The 1970s and 
1980s were generally snowy, followed by a 
period of scarce winter snow in the late 1980s 
and early 1990s. Since then, although snow 
depth has again increased to some extent at 
high elevation, it has not reached the level 
of the 1970s. The duration of snow cover has 
decreased from 22 to 34 days over the past 
50 years, particularly at low and medium 
altitudes. Snow cover tends to build up later 
in winter and, at all altitudes, to disappear 
earlier in spring, a direct consequence of 
climate change. 
Beyond the intrinsic results of this study, 
this complete and unified data collection 
is a particularly valuable tool, and most 
of the data have been made available 
to the scientific community. This article, 
documenting in a very complete way the 
past evolution of mountain snow cover in the 
European Alps, has been taken into account 
in Chapter 9 "Ocean, Cryosphere and Sea 
Level Change" of the IPCC Working Group I 
report, published in August 2021 

Reference: 
Matiu et al. Observed snow depth trends in the European Alps: 1971 to 2019, The Cryosphere, 
15, 1343-1382, 2021. https://doi.org/10.5194/tc-15-1343-2021

4
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

Global mean temperature warming projections and associated uncertainties (5-95% confidence intervals) obtained from climate simulations alone (pink interval),  
and with observations taken into account (red interval). The calculation is based on 22 CMIP6 climate models, for three emission scenarios (SSP1-2.6, SSP2-4.5, SSP5-8.5).  
Observed annual global mean temperature values are indicated by black dots. All temperatures are anomalies with respect to the period 1850-1900, used as a reference.

3

 

Classification of the snow depth stations used  
in this study, grouped according to their commonality  
in snow characteristics. The colored areas correspond  
to the climatological regions identified in a previous 
study (HISTALP, Auer et al., 2007) based on temperature, 
precipitation, air pressure, sunshine and cloud cover data. 

4

a b c
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Adaptation to climate change is essentially 
carried out on a national or even sub-national 
scale. It therefore requires high-resolution 
climate data able to represent local weather 
phenomena and to cover the uncertainties 
inherent in any projection.
The international EURO-CORDEX initiative 
launched in 2009 aims to meet this demand 
at the European scale by producing regional 
climate simulations at 12 km spatial 
resolution, forced by global climate models 
from the CMIP5 initiative. The set available 
today includes 137 simulations of the 21st 

century based on 13 regional models, 
10 global models and 3 socio-economic 
scenarios (RCP8.5: 78 simulations, RCP4.5: 

EURO-CORDEX: a very large ensemble of high-resolution climate projections 
for climate change studies and adaptation in Europe

L. Corre, S. Somot

26, RCP2.6: 33). This is undoubtedly the 
largest set of regional simulations ever 
carried out in the world. The Météo-France 
contribution, resulting from a collaboration 
between the research laboratory and the 
department for climatology and climate 
services, consists of 9 simulations carried 
out with the ALADIN regional climate model.
This large ensemble has been evaluated 
by the scientific community and is now 
available on an open database (ESGF). It 
increases the reliability of studies to better 
understand regional climate phenomena, 
their variability and evolution. It also serves 
as a basis for many European and national 
climate services, including the recent version 

References:
Coppola E., et al. (2020) Assessment of the European Climate Projections as Simulated by the Large EURO-CORDEX Regional and Global 
Climate Model Ensemble. Journal of Geophysical Research – Atmospheres, http://doi.org/10.1029/2019JD032356

Vautard R., et al. (2021) Evaluation of the large EURO-CORDEX regional climate model ensemble. Journal of Geophysical Research – 
Atmospheres, https://doi.org/10.1029/2019JD032344

5

In 2020, the Covid-19 pandemic forced 
many countries to curb their industrial and 
economic activities and impose severe travel 
restrictions. These restrictions resulted in a 
temporary but very significant reduction 
in greenhouse gas (GHG) emissions, 
primarily carbon dioxide (CO

2
), as well as 

air pollutants such as ozone and aerosol 
precursors. Although emission reductions 
were concentrated in a few months of the 
year, human CO

2
 emissions in 2020 were 

about 6% lower than in 2019 (a decrease of 
2.2 billion tonnes). 
In order to assess the climatic impact of 
this reduction in human emissions, an 
international group (including researchers 
from CNRM and CERFACS) set up a 
coordinated climate simulation exercise in 
the spring of 2020. This scientific cooperation 
allowed (1) the construction of a GHG and 

The climate response to emissions reductions due to COVID-19
R. Séférian

Reference : 
Jones, C. D., Hickman, J. E., Rumbold, S. T., Walton, J., Lamboll, R. D., Skeie, R. B., et al. (2021). The Climate Response to Emissions Reductions 
due to COVID�19: Initial Results from CovidMIP. Geophysical Research Letters, 48, e2020GL091883. https://doi.org/10.1029/2020GL091883 

6

of the « DRIAS - Futures of climate » portal, 
which provides reference climate projections 
for metropolitan France.
EURO-CORDEX data and studies based on 
this dataset have also made a substantial 
contribution to the latest IPCC reports, notably 
the report on the physical basis of climate 
change (WG1, published in August 2021), 
whose regional dimension relies heavily on 
climate modelling carried out at this scale.
Currently, the EURO-CORDEX community 
is preparing the next generation of this 
ensemble with regional models reaching the 
kilometer scale and the use of the new CMIP6 
forcings.

aerosol emission inventory consistent with 
the emission reductions observed at the 
beginning of 2020 and taking into account 
the projections for the years 2021 and 
2022; (2) the implementation of a simple 
and quasi-operational multi-model climate 
simulation protocol and (3) the analysis of 
the first results of these simulations.
The authors of the study present the first 
conclusions, based on sets of simulations 
carried out with 12 Earth system models, 
including the CNRM-ESM2-1 model 
developed by CNRM and CERFACS. This 
represents a total of more than 300 
simulations covering the period 2020-2024, 
making it possible to quantify as well as 
possible the influence of the sanitary crisis on 
climate, while estimating the various sources 
of uncertainty, linked to both modelling and 
initial conditions. 

This first analysis, included in the IPCC 
sixth assessment report, showed that the 
reduction in anthropogenic emissions 
linked to the health crisis led to a decrease 
in tropospheric aerosol concentrations, 
resulting in an increase in incoming solar 
radiation, particularly over southern and 
eastern Asia, which are the regions most 
affected. However, the reduction in GHG and 
aerosol emissions was too limited in time 
and space to have a significant global impact 
on temperature and precipitation. Smaller-
scale regional and dynamical analyses, as 
well as an analysis of extremes, are needed 
to further exploit these initial results. This 
study confirms that one-off fluctuations 
in greenhouse gas emissions have a very 
limited impact on long-term climate change.
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5

 

Change for surface temperature (left, °C) 
and for surface solar radiation (right, W.m-2) 
between the periods 1981-2010 and 2070-2099 
averaged over France for the different simulations 
of the EURO-CORDEX ensemble at 12 km resolution 
(grey dots), including the simulations carried out 
with the ALADIN model by Météo-France (red dots) 
and the simulations selected for the DRIAS national 
climate service portal implemented by Météo-France 
(black circles). The box plots show the median, 
interquartile range and the range of the EURO-CORDEX 
ensemble. 

6

 

Each plot shows the annual and global average  
of the multi-model simulated anomaly  
between the simulations with COVID-19 emission 
reductions (SSP2-4.5-Covid) and the SSP2-4.5 reference 
simulations (moderate greenhouse gas emissions, 
continuing recent trends). 
(a) Aerosol optical thickness at 550 nm; 
(b) surface downwelling solar radiation; 
(c) near-surface air temperature; 
(d) precipitation. For each model, the coloured lines  
and the plumes show respectively the mean  
of the ensemble produced with each model,  
and the dispersion of the ensemble  
(defined as ±1 standard deviation).  
The vertical bars on the left of each graph show t 
he change for the first year (2020) simulated 
by each model (mean ±1 standard deviation).

a b

c d
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Preparation of a new version 
of the operational numerical 
weather prediction systems

2021 will have marked a new stage at Météo-France for numerical numerical weather prediction forecasting models. Declared operational in 

February 2021, the new ATOS high performance computing system Bull Sequana XH2000, offering five times more computing power than the 

previous computer, has made it possible to prepare major developments in AROME regional and ARPEGE global forecasts. The new numerical 

forecasting chain prepared in 2021 has been running has en experimental suite since summer 2021. 

It marks an unprecedented turning point for the ensemble forecasting systems AROME and ARPEGE, since, for the first time since their 

implementation, their vertical and horizontal resolutions will be the same as those of the associated deterministic forecasting system. The 

ensemble forecasts thus become fully representative of the uncertainty of the AROME and ARPEGE forecasts. In addition, the uncertainties 

of the modelling in ARPEGE are represented by a new algorithm.

This chain also benefits from a major evolution of the ARPEGE physics, with notably a redesign of the parameterisation of convection, a 

key component of the model. As a result, ARPEGE's forecasting scores have improved significantly, both over the globe and over Europe. 

AROME-France also sees significant improvements and in particular better precipitation forecasts in diurnal convection conditions without 

synoptic forcing. The AROME Overseas, for their part, see their resolution improving from 2.5km to 1.3km, which is particularly beneficial to 

the realism of precipitation.

The observation assimilation system has also undergone numerous developments that contribute to the improvement of forecasts. In 

particular, the development of satellite microwave data assimilation in cloudy conditions, the assimilation of a new radar data processing 

channel, the revision of observation screening algorithms, as well as the assimilation of assimilation of new satellite sensors and downward 

radiosonde data.

The following articles describe some important aspects of this new forecast chain, which is expected to become fully operational by mid-2022.

F. Bouyssel
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Major evolutions of the physical 
parameterizations of ARPEGE and AROME 
models have implemented in the new 
version of the numerical weather prediction 
chain that has been developed in 2021.
For ARPEGE, four fundamental elements of 
the physical parameterizations have been 
changed. First, the deep convection scheme 
used since the origins of the model, with 
some evolution, has been replaced by the 
one of the IFS model, developed by the 
ECMWF. This parameterization is also used 
by the DWD’s ICON model. The resulting 
model improvement in the inter-tropical area 
is significant. 
The second element is an evolution of the 
CNRM (ECUME) fluxes parameterization at the 
ocean interface. A new adjusting technique 
of he coefficients to the observations from 
the measurement sea campaigns allows a 
much better forecast of these fluxes. The 
resulting model improvement is significant 
at all latitudes. 
The third element is the replacement of the 
old short wave radiation code by the RRTM 
scheme, this allows the activation of the 
McIca solver which calculates more precisely 
the overlapping effects of the different 
cloud layers. This change, and especially 
the resulting model adjustments, is a first 
step towards the use of the EcRad modular 
radiation code, shared by a large number of 
numerical weather prediction models. 

Physical modifications of ARPEGE and AROME
Y. Bouteloup, Y. Seity

The latest development concerns the 
activation of the 1d sea ice model GELATO, 
integrated in the SURFEX surface modeling 
platform. The sea ice surface temperature is 
now a model variable that evolves with the 
forecasts. Previously, it was derived from 
old climatology and remained constant 
during the forecast. The variability of surface 
temperatures is now more important both 
spatially and temporally. this is illustrated 
in figure 1 where the temperature measured 
by the drifting boat "polarstern" is plotted 
as well as the corresponding forecasts of 
the operational model Arpege and a release 
using the GELATO parameterization.
These modifications have significantly 
improved the ARPEGE model as shown in 
Figure 2.
The main modification of AROME-France is 
a response to reports by forecasters, since 
2016, of an underestimation of precipitation 
in situations of diurnal summer convection 
without synoptic forcing. Studies were 
conducted in 2018 showing the sensitivity 
of these situations to the numerical diffusion 
settings applied to the AROME cloud fields. 
Unfortunately, this work did not result in a new 
setting that could be used in an operational 
configuration (the improvement of these 
cases leading to a deterioration of others). By 
performing semi-idealized simulations, we 
were able to go back to the real source of the 
problem. This one was located in the AROME 

transport scheme, and more precisely in the 
choice of the method used to interpolate 
the model fields in this process. Semi-
academic tests have indeed shown that the 
transport scheme was behind a cloud fields 
mass artificial creation  (naturally much less 
'smooth' than a wind or temperature field, 
or even quite binary in the case of small 
convective cells). This flaw was present 
since the origins of AROME in 2008, but was 
'hidden' by the settings we had applied to 
the numerical diffusion of the cloud fields. 
This diffusion having been settled following 
the switch of AROME horizontal resolution 
to 1.3km in 2016, the default has become 
more visible than in the previous version of 
the model (AROME 2,5km). The choice of a 
new interpolator having different properties, 
and in particular a mass preservation, have 
allowed to consider new settings of the 
model (by jointly suppressing the numerical 
diffusion applied on the cloud fields). Tests 
have shown that the model was greatly 
improved in the problematic situations 
reported by the forecasters (Figure 3), 
without being degraded in the general case. 
In addition to these new settings, the new 
version of AROME benefits, as ARPEGE, from 
the new version of the ECUME ocean fluxes 
parameterization.

References:
E.Bazile, N. Azouz, A. Napoly, C. Loo, Impact of the 1D sea-ice model GELATO in the global model ARPEGE, WMO Working Group on Numerical 
Experimentation (WGNE), Research Activities in Atmospheric and Oceanic Modelling (Blue Book), 6-03, 2020. http://bluebook.meteoinfo.
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
Observed and predicted temperatures along the trajectory  
of the drifting boat "polarstern In black the observations made by the boat,  
in blue the temperatures predicted by the operational ARPEGE  
and in red those predicted by an ARPEGE with the GELATO parameterization.



Normalized wind scores (in %) of the ARPEGE e-suite 
(release cy46t1_op1) compared to the operational model 
over the North20 (top), Tropic (middle)  
and South20 (bottom) domains. 



24-hour rainfall accumulation for the day of July 25, 2018. 
Top Observations, center AROME operational,  

bottom AROME e-suite.

1

b
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