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Figure 10. Improvement of RMSE for the EXP with respect to the CTRL experiment, relative to the RMSE of the CTRL and compared with ECMWF analyses, as a
function of forecast range and pressure levels, for (a) wind fields and (b) temperature fields. Areas that are not dashed indicate differences of RMSE that are significant
at the 99% level of confidence. Scores are computed starting 15 June and ending 10 August.

5. Summary and perspectives

This article presents results of the first assimilation experiments
of the SAPHIR observations into a research version of the
global model ARPEGE operational at Météo-France. The main
conclusions to be drawn from the results presented are:

– The six SAPHIR channels can be assimilated both over
land and over oceans, using an emissivity atlas instead of
dynamical estimates of emissivity from a window channel.

– A quite significant improvement of tropical innovation
statistics was found for observations from AMSU-B, MHS,
SEVIRI and HIRS instruments sensitive to atmospheric
humidity when the SAPHIR data are assimilated.

– An improvement of approximately 10% on relative RMSE
of relative humidity was noticed between 400 and 150 hPa
during the first 12 h of forecasts; in lower layers at 700 hPa,
a smaller improvement up to 2% of relative RMSE is also
statistically significant up to 72 h.

– In addition to behaving in good synergy with the rest of the
observing system, two features specific to SAPHIR/Megha-
Tropiques were shown to be useful in providing valuable
diagnostics to assess model physics characteristics: six
channels for analysing vertical structures of water vapour
profiles, and a non-heliosynchronous orbit to observe
diurnal variations of water vapour.

Plans are in progress to reassess the impact of the SAPHIR
data on the ARPEGE analyses and forecasts by making use of
MHS on board MetOp-B satellite and ATMS on board the
Suomi National Polar-orbiting Partnership (NPP) satellite. In
these future experiments, it is also planned to diagnose optimal
observation errors for SAPHIR’s six channels.

The diagnostics set up in the present article on diurnal
variations and vertical structure of the water vapour field will be

applied to evaluate future versions of the ARPEGE model physics.
Assimilating cloudy and rainy radiances is likely to be more
promising for improving rainfall forecasts than assimilating clear-
sky radiances (e.g. Marécal and Mahfouf, 2003; Hou et al., 2004;
Mahfouf et al., 2005; Hou and Zhang, 2007; Bauer et al., 2010;
Zhang et al., 2013; Chambon et al., 2013), therefore experiments
are currently being undertaken to simulate (Geer and Baordo,
2014) and assimilate the SAPHIR high-frequencies observations
in the Météo-France forecasting system.
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Positive impact of SAPHIR on Tropical wind forecasts
(Chambon et al., 2014)
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Cloud assimilation 
framework to complement 
the clear sky assimilation
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1. Cloud assimilation framework: 1D-Bayesian + 4D-Var

SAPHIR Observation (183+/-11 GHz)
ARPEGE simulation (183+/-11 GHz)
RTTOV-SCATT V11.2 SAPHIR - ARPEGE (183+/-11 GHz)

Compute H(x) and y-H(x) 1D Bayesian inversion Assimilation of retrievals 
within 4D-Var

Extracting humidity 
information from retrieval



SAPHIR Observation (183+/-11 GHz) Bayesian inversion of SAPHIR TBs:
GPROF-like inversion using 
a dynamically evolving database
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ARPEGE simulation (183+/-11 GHz)
RTTOV-SCATT V11.2
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2. Impacts on global forecasts

Relative difference of RMSE on Temperature forecasts errors

significant at 99%

Impacts of assimilating SAPHIR in cloudy and rainy areas with the 1D-Bayesian + 4D-Var 
technique within ARPEGE over a 4-month period (July to October 2018)

Domain: Tropics
Reference: 
ECMWF analysis



2. Impacts on global forecasts

Relative impact on RMSE of Temperature forecasts

significant
at 99%

[…] of Humidity forecasts

[…] of Wind forecasts […] of Geopotential forecasts

Impacts of assimilating SAPHIR in cloudy and rainy areas with the 1D-Bayesian + 4D-Var 
technique within ARPEGE over a 4-month period (July to October 2018)

Domain: Tropics
Reference:
ECMWF analysis



2. Impacts on global forecasts

Impact of SAPHIR cloudy radiances on hurricane forecasts:
Example of Typhoon Shanshan

North West Pacific basin, +72h forecasts initialized on August 5th, 2018
Observed trajectory
SAPHIR assimilated in clear sky

SAPHIR assimilated in clear sky
+ cloudy sky



2. Impacts on global forecasts

Impact of SAPHIR cloudy radiances on hurricane forecasts:
Impact for 16 hurricanes over several basins for a sample of 432 hurricane forecasts

Reduction of error 
of ~6% in average 
over the life cycle of 
the 16 hurricanes. 

Impact statistically 
significant at 95% 
level of confidence
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3. Conclusions and perspectives

ü The cloud assimilation framework developed for MT data does improve 
ARPEGE global forecasts

=> Duruisseau et al., 2018. (QJRMS)

ü This framework has been adapted to MHS and ATMS sounders and can now 
include cloudy observations in the mid-latitudes as well

=> Experiments are ongoing with ARPEGE cy46t1 assimilating the 4 MHS 
cloudy observations, up to 60°N/S

Relative impact on RMSE of Wind 
forecast for Latitudes >20�
for a 3-month period June to 
September 2019 period

Relative impact on RMSE of 
Relative Humidity forecast for 
Latitudes >20�
for a 3-month period June to 
September 2019 period



3. Conclusions and perspectives

ü The framework offers opportunities to develop and test new ideas
=> two new error models have been developed (not shown) including one 
for describing radiative transfer uncertainties in scattering conditions 
(based on an ensemble of multi-microphysics simulations)

ü Next steps: (i) transfer this work for the 2020 Météo-France parallel suite ; (ii) 
generalize the framework to imagers (ongoing work with GMI)



(Source: CNES)

Thank you !
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Observations:

First Guess:

Observations:

First guess:

First guess departure histogram of Relative Humidity at 800hPa



Normalized innovations

With constant 
errors

With error model

(Obs – First Guess) / Observation error (Obs - First Guess) / Observation error

First guess departure histogram of Relative Humidity at 800hPa


