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Numerical models operated at Météo-France

ARPEGE 2021

The ARPEGE global model : 

• Stretched and tilted grid : 5km over Europe
• Both deterministic and ensemble forecasts up to 102h
• Initialized with a 4D-Var system with 6 hour windows

The AROME regional model : 

• 1.3 km for the domain over Western Europe
• 2.5 km for the domains in the Tropics
• Both deterministic and ensemble forecasts up to 48h
• Initialized with a 3D-Var system with 1 h windows over Europe
• Initialized from the IFS in the Tropics



Passive microwave data within MF NWP systems

• Among all other observations, the microwave spectrum 
offers a unique, continuous sensitivity, from the clear sky 
scenes (water vapor and temperature) to the cloudy and 
precipitating scenes. These observations play a critical role 
within NWP systems.

(Courtesy of A. Geer and S. English)

• The usage of MW observations, in clear-sky, already 
provides a significant fraction of total impact (~30%) 
(either 1st or 2nd most impacting observing system in MF 
NWP ARPEGE model).



Microwave observations and precipitation forecasts

TRMM 3B42 V7 – Jan 18th, 2015

Comparison of 24h rain accumulations, 
forecasted with the IFS for a baseline 
experiment (denial of MHS in the tropics and 
SAPHIR within the ECMWF all-sky system of 
2016) and an experiment including MHS and 
SAPHIR allsky assimilation.

(Chambon and Geer, 2017)

Baseline IFS +36h - +12h forecast Baseline IFS + MHS and SAPHIR in all-sky

Satellite rainfall products 
are a very useful source 
of information to validate 
NWP models !

• With the combined impact of clear and cloudy sky observations, not only the winds, temperature and 
humidity forecasts are improved but also the forecasts of clouds and precipitation themselves.  
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Figure 15. Standard deviation of global SSMIS F-16 channel 19 h departures
using different averaging scales, for March, April and May 2015. F-16 is passively
monitored and in a different orbit to the assimilated all-sky instruments. Hence,
it provides an independent measure of the improvement in WV, cloud and
precipitation in the analysis and forecast. Statistical significance testing has been
performed on the difference between each of these lines, which is statistically
significant, but the 95% confidence range is too small to see (it is around
±0.03 K). [Colour figure can be viewed at wileyonlinelibrary.com].
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Figure 16. (a) Fraction skill score (FSS) and (b) change in FSS, with 99%
confidence range (with no additional corrections) using the TRMM 3B42 v7
global precipitation product as a reference, over the period 1 May to 31 August
2015. This combines rain-gauges, microwave and infrared precipitation retrievals,
here using the 0.25! by 0.25! (roughly 28 km) resolution daily accumulations.
[Colour figure can be viewed at wileyonlinelibrary.com].

both background error and observation error accurately
enough.

We limit microwave imager usage to three satellites (currently
GMI, AMSR2 and F-17 SSMIS) because it is hard to show
additional positive impact on the forecast scores. Instead we see
even more of the large temperature and moisture increments
shown in Figure 13 which, although not harmful, may still
indicate a deficiency in the assimilation system, if it cannot retain
this information over 12 h. Also, there is greater vulnerability
to difficult-to-correct biases, as illustrated by Kazumori et al.
(2016). If these issues can be understood, there is a wealth
of additional humidity and cloud information available from
microwave window channels on imagers such as WindSat and

the SSMIS on F-16 and F-18, as well as the window channels
of AMSU-A and ATMS. The current aim is to extend usage
of AMSR2 and GMI down to 10 GHz. These frequencies are
not used because of the difficulty of modelling sea surface
emissivity and temperature, the relatively large fields of view
at low frequencies, and larger biases, possibly associated with
rainfall (Geer and Baordo, 2014). This will be challenging but,
as well as bringing more information on heavy rain over oceans,
it should drive improvements in modelling, both in forecasting
tropical convection, and in simulating the radiative transfer.

ECMWF is developing the capability for all-sky infrared
assimilation (e.g. Chevallier and Kelly, 2002; Chevallier et al.,
2004; Matricardi, 2005; Okamoto et al., 2014) but this is still
some way from being operational despite promising impacts on
forecast scores (unpublished). Elsewhere, much progress is being
made (e.g. Vukicevic et al., 2006; Otkin, 2012; Martinet et al.,
2013; Stengel et al., 2013; Harnisch et al., 2016) but nothing is
yet operational. One example of the difficulties is that the all-
sky observation-error model will have to simultaneously model
inter-channel error correlations, which have proved important in
clear-sky infrared assimilation (e.g. Weston et al., 2014; Bormann
et al., 2016), and also inflate errors in cloudy conditions. This
would require new sophistication in observation-error modelling.

To better constrain ice cloud microphysics, there is also great
interest in extending all-sky microwave techniques to support
the Ice Cloud Imager (ICI), a future EUMETSAT mission at
sub-mm wavelengths (183–664 GHz). Further in the future, the
assimilation of visible satellite data could help to better constrain
cloud microphysics, since radiative transfer at these frequencies
is so sensitive to effective radius of cloud droplets. The necessary
forward operators are only just starting to be developed (e.g.
Kostka et al., 2014; Scheck et al., 2016). A possible side-benefit
of both the visible and the sub-mm assimilation may be to
improve the radiation budget in the forecast model, which is less
accurate at visible wavelengths. This article has concentrated on
passive satellite observations, but work is ongoing to assimilate
space-borne cloud and precipitation radar (e.g. Di Michele et al.,
2012) and other novel precipitation-related observations, such as
lightning imagers (Lopez, 2016).

5.2. Data assimilation aspects

During the development of all-sky assimilation at ECMWF,
various data assimilation issues have been identified and left aside
for future development. So far, none have proved fundamental
blocks to progress, but they may become so as we try to extract
even more information from cloud- and precipitation-affected
radiances. These issues are:

1. As also mentioned in the previous section, the current
all-sky observation-error model does not deal with inter-
channel error correlation, despite the fact that observation
errors in some microwave imager channels can become
almost entirely correlated in cloudy conditions (Bormann
et al., 2011).

2. The dominating source of error in the comparison between
model and all-sky observations comes from what we
broadly referred to as ‘mislocation errors’ here (Geer and
Bauer, 2011; also Figure 4). These could be described
as errors of predictability, given that convective error
growth-scales can saturate well within the 12 h assimilation
window of 4D-Var (e.g. Zhang et al., 2007). Alternatively
they could be described as representivity errors, but of
a different kind to those that arise when observations
resolve smaller space- or time-scales than the model (e.g.
Waller et al., 2014). These errors are currently included
in the observation-error model, as ‘representivity’ error,
but might be better represented as model error. However
that might require weak-constraint 4D-Var, rather than
the current strong-constraint approach which ignores it. A
deeper understanding of representivity, predictability and

c" 2017 Royal Meteorological Society Q. J. R. Meteorol. Soc. 143: 3189–3206 (2017)

Impact of 9 instruments in all-sky onto 

tropical ECMWF precipitation forecasts 

with respect to TRMM 3B42 precipitation 

estimates

Score: Fractions Skill Score

Period: May to August, 2015

=>In average 2 to 3% improvement of the 

FSS up to 5 days ahead

(Geer et al., 2018)
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Assimilation of MW cloudy and rainy observations at MF

• Météo-France follows a 2-step strategy to assimilate the MW cloudy and rainy observations, by first activating a 1D-Bay + 4D-Var

framework MF has a long experience on, as it is used since 2010 to assimilate ground radar reflectivities (Wattrelot et al., 2014) 

in AROME, then by activating direct assimilation within the future EnVar systems.

• Météo-France activated the “1D-Bay + 4D-Var” scheme to assimilate cloudy and rainy radiances of the microwave sounders 

ATMS (NPP, NOAA-20) and MHS (NOAA-19, MetOp-B, MetOp-C) in the 2021 ARPEGE parallel suite.

• Improvements are positive and significant, in particular on wind forecasts.

Assimilation of retrieved humidity profiles

1D-Bayesian

Retrieved 
atmospheric profiles

Bayesian inversion

Observations

First-Guess

Analysis

3D/4D-Var

Forecast range (h)

Significant at 99 %

Relative impact on Wind forecasts w.r.t. 
ECMWF analysis over the Globe



Functioning of the 1D-Bay+4D-Var method

• Currently, NWP centers only use 
one single set of radiative 
properties for hydrometeors within 
their all-sky systems.



Functioning of the 1D-Bay+4D-Var method

• Currently, NWP centers only use 
one single set of radiative 
properties for hydrometeors within 
their all-sky systems.

• In the 1D-Bay inversion, one can 
include several realistic set of 
radiative properties (e.g. particle 
shapes, particle size distributions) 
and let the inversion choose an 
optimal one or a combination of 
optimal ones, depending on the 
meteorological conditions.



Experiments using multiple radiative properties: 1D setup

Background : 
- Short-term forecasts from 

the convective scale 
AROME model over the 
Caribbean’ sea.

Observations : 
- GMI radiometer onboard the 

GPM-Core satellite.
- Channels from 18 to 183 GHz.

Experiments : 
- 3 particle shapes for the 

representation of snowfall 
within the radiative transfer.

- Addition of one outlier shape.

Brightness temperatures (K)

183.31 +/- 3 GHz

Simulated and observed brightness temperatures at 183.31 +/- 3 GHz for a 2-month period



Experiments using multiple radiative properties: 1D results

• The 3-bullet rosettes are 
more frequently used on 
its own. 

• Particle shapes are also 
used in combination. 

Particle weights for Hurricane 
Maria in Sep 2017

Violin plots showing the distributions of weights over 
the 2-month period when using 3 particle shapes
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Violin plots showing the distributions of weights over 
the 2-month period when using 3 particle shapes

• The block column, 
considered as an outlier 
when used all the time, 
has a maximum of 
occurrence of weights 
close to 0, but is also used 
some time on its own.



Experiments using multiple radiative properties: 1D results

Particle weights for Hurricane 
Maria in Sep 2017

Violin plots showing the distributions of weights over 
the 2-month period when using 3 particle shapes

Violin plots showing the distributions of weights over 
the 2-month period when using 3 particle shapes

• Mixtures are dominant for low 
precipitating scenes but single 
particle choices (>0.9) become 
dominant for medium to high 
rain rates (derived with GPROF)

• More details within Marylis
Barreyat presentation recorded 
for the EUMETSAT conference:

https://www.youtube.com/watch?v
=kXic7T0ES-g&t=672s

https://www.youtube.com/watch?v=kXic7T0ES-g&t=672s


Experiments using multiple radiative properties: 1D+4D setup

Assimilation system : 
- ARPEGE 4D-Var

Observations : 
- GMI radiometer onboard the 

GPM-Core satellite.
- Channels from 18 to 183 GHz.

Experiments : 
- 1 single particle shape (sector) 

for the representation of 
snowfall within the radiative 
transfer.

- 3 particle shapes.
- 4 particle shapes (addition of 

one outlier shape).

Period : 
- April to June 2021
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1000 hPa850 hPa

700 hPa 925 hPa

Differences in standard deviations of winds between 700 and 1000 hPa
over the NORTH20 domain for 60 days between experiments :

GMI 3SSP vs 1SSP
GMI 4SSP vs 1SSP

• Neutral in the Tropics and 
the SOUTH20 domains.

• Positive and significant (at 
99%) impacts on wind 
forecasts on NORTH20 up 
to 48 hours forecast range 
between 700 and 
1000hPa (to be confirmed 
over a longer period of 
time).



Summary

• Microwave observations are a key observation type to consider for improving forecasts skills (already demonstrated 
by a number of NWP centers).

• Validation of precipitation forecasts is important and satellite-derived rainfall products can be used as reference to 
this endeavor (caution is needed though when they are used at their full resolution, e.g. 0.1°/1h).

• All-sky assimilation of microwave observations can improve rainfall forecast skills in addition to other variables more 
commonly monitored (winds, humidity, temperature).

• Advanced use of radiative transfer simulations (e.g. adaptive settings like particle shapes as function of the 
meteorological conditions) have the potential to enhance the current impacts of all-sky assimilation already 
reported by the international community.



Thank you for your attention !


