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Context: The aim of this project was to account for liquid and solid hydrometeor variables in the control variable of a 

3DEnVar data assimilation (DA) algorithm of the Numerical Weather Prediction (NWP) system AROME-France.  
 

Objectives / scientific questions:  The main objectives were (i) to diagnose and to document optimal localization lengths for 

each hydrometeor in different meteorological situations (ii) to apply those values in different localization procedure used by 

the EnVar to filter sampling noise, (iii) to evaluate the impact of analysing hydrometeors through the EnVar on series of 

forecasts of precipitation and cloud cover. 
 

Main results: Background error covariances were first sampled from 25 forecasts provided by an Ensemble of DA based on 

AROME-France. Because of limited ensemble size, EnVar suffered from sampling noise, which is mitigated by localisation. 

Previous work by the authors were extended for hydrometeors to estimate localisation as a filter on the covariances, optimal 

in the sense of minimising sampling noise. How to address occurrences of zero variances and of high spatial variabilities in 

this framework was explained in Destouches et al. (2019). This paper shows also narrower horizontal localisations for 

hydrometeor variables than for thermodynamic variables, and broader optimal vertical localisation for precipitating 

hydrometeor. 

Even without any direct assimilation of hydrometeor observations, analysis increments of hydrometeors can be produced via 

the cross-covariances with observed variables in the forecast error covariance matrix. Increments produced by e.g., relative 

humidity profiles deduced from radar reflectivities project for instance towards hydrometeor increments (Fig. 1). Localization 

lengths were exploited in a DA context using different localization schemes: simple (same localization for all variables), scale 

dependent (SDL, Caron et al., 2019), variable dependent. Evaluations were performed using cycled forecast/analysis 

experiments in near-operational conditions over a 3-month summer period. Three configurations are compared, (i) a control 

experiment without hydrometeor control variables, (ii) a test experiment with hydrometeor control variables but without 

cycling the resulting forecasts, and (iii) an experiment with hydrometeor variables and cycled forecasts. Compared to the 

control experiment, both hydrometeor experiments show a positive impact in the first 7 hours of the forecast in terms of 

cloud cover, and in the first hour for precipitations (Fig. 2). Forecasts display an extended short-term predictability window 

for precipitation, with Fractions Skill Scores decaying below a reference threshold after 1 h 14 min on average, instead of 1 h 

in the control experiment.  

 

  

 

Figure 1:  Rain increments at altitude 917 hPa, validity date 

1800 UTC 2019/04/25 produced by an EnVar with 

hydrometeors that consider Radar reflectivities (from 

Destouches 2021). Positive (negative) values indicate that rain 

mixing ratios are produced (removed) from the guess after the 

EnVar minimization. 
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Figure 2: Relative score of FSS against SEVIRI observations (IR Radiometer onboard MSG), compared to control with standard localization 
(STD) in a non-cycled experiment. The aggregated forecasts all start at 12 h UTC. Significant improvements or deteriorations are marked 

with “+” or “-” signs respectively. 

 
Future of the project: The 3DEnVar will replace the actual 3DVar DA scheme in the AROME-France operational suite in 
autumn 2022. Work is ongoing at CNRM to capitalize on the research done in this LEFE/MANU project in a 4DEnVar and 
considering more directly observations of hydrometeors such as the radar reflectivities or microwave radiances from 
satellites. 
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