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Context   
W-band radars ("millimetre" or "cloud" radars, operating at frequencies in the 94-95 GHz range) provide unique 
microphysical information on clouds and light precipitation. Such instruments have been built since the late 
1980s. Their success is mainly due to their interest in studying the role of clouds in climate, but new applications 
are gaining in popularity such as the study of cloud microphysics of convective systems, fog process studies, etc. 
These instruments are therefore becoming widespread on a variety of platforms (ground, airborne, satellite) due 
to their small size and low energy consumption.  
 
Objectives / scientific questions  
The objective of this project was to progress towards the assimilation of W-band radar data, focusing on the 
aspects related to the observations (quality of the observations, observation operator, microphysical scheme). It 
was therefore proposed to design, set up and validate an observation operator for W-band reflectivity, which 
would make it possible to demonstrate the potential of these data in terms of data assimilation and retrieval of 
microphysical parameters for the prediction of high-stake meteorological phenomena such as heavy precipitation 
and fog. 
 
Main results  

 
Figure 1: Vertical reflectivity profiles along the aircraft track (a) 
observed during Flight 17 on 29 September 2012, (b) co-located 
AROME simulations, and (c) retrieved simulations via the MRC 
method. Time is on the x-axis and altitude is on the y-axis. The 
aircraft's altitude above sea level is indicated by the black line. 

(from Borderies et al. 2018) 
 

 
 

 

 
 Figure 2: Standard deviation (g kg−1) of the 

water vapour mixing ratio differences between 
in-flight humidity measurements ro and the 

analyses rm for the different experiments 
(CTRLSOP1, ZSOP1, VSOP1 and ZVSOP1) over the 24 
analyses. The standard deviation differences 

between the measurements and the 
background state are also shown by the black 
data points (N=6307). (from Borderies et al. 

2019b) 



The TADORNE project evaluated the contribution of cloud radar observations to the validation and initialization of 
kilometre-scale NWP models. First, an observation operator for W-band reflectivity was designed in coherence with 
the microphysical scheme of AROME, the Météo-France kilometre-scale numerical weather prediction (NWP) 
model, but in a sufficiently general way to be adaptable to other kilometre-scale NWP models (Borderies et al. 
2018). It is adaptable for airborne or ground-based vertically-pointing radars. In order to disentangle the positioning 
errors of the clouds predicted by AROME from those present in the observing operator, a new validation method, 
called the "Most Resembling Column" (MRC) method, has been developed. This method was used to validate and 
calibrate the observing operator using the reflectivity profiles collected by the RASTA airborne cloud radar under 
various conditions during the first observation period (SOP1) of the international HyMeX programme, which aims 
to improve our understanding of the water cycle in the Mediterranean (Figure 1). 
Then, the respective contribution of the assimilation of vertical reflectivity profiles and horizontal winds measured 
by the RASTA cloud radar in the three-dimensional variational assimilation system (3DVar) of AROME was studied 
(Borderies et al. 2019a,b). The benefits of thermodynamic conditions, via the assimilation of W-band reflectivity, 
and dynamic conditions, via the assimilation of horizontal wind profiles, consistent with the initial state, were also 
studied. To assimilate W-band reflectivity, the "1DBay+3DVar" assimilation method, which is operational in AROME 
to assimilate reflectivities of ground-based precipitation radars, was used. The 1D Bayesian retrieval method of 
moisture profiles was validated with independent in-situ humidity measurements.  assimilation experiments were 
then conducted on a highly convective event, as well as over a longer period of 45 days. The results suggest that 
the joint assimilation of W-band reflectivity profiles and vertical horizontal wind profiles improves moisture 
analyses (experiment ZVSOP1 vs CTRLSOP1 in Figure 2; reflectivity and wind are assimilated alone in experiments ZSOP1 
and VSOP1 respectively), but also suggests a slight improvement in cumulative precipitation forecasts. 
Future of the project: 
As part of Alistair Bell’s PhD on improving fog forecasting over airport areas through instrumental synergy 
between cloud radar and ground-based microwave radiometer, the observation operator designed for airborne 
cloud radar was adapted to ground-based cloud radar. AROME errors in forecasting fog were studied. The first 
experiments of thermodynamic and microphysical retrievals of fog from radar reflectivity data using a 1DVar 
approach are in preparation. 
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