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Context:  

The quantitative precipitation forecast is still an important challenge for the atmospheric community. One major 

problem that has been identified for weather and climate models is the interactions of the cloud systems with the 

aerosol particles.  

Objectives:   

The main objective of this project is to develop a new numerical tool that considers a detailed aerosol 

representation and a bin microphysics approach at mesoscale in order to improve the aerosol-cloud interactions 

and the precipitation forecast.  

Main results:  

The strategy used for this project is to couple the DESCAM (Detailed SCAvenging and Microphysics; Flossmann 

and Wobrock, 2010, Atm. Res; Planche et al., 2014, QJRMS) module developed at the LaMP to the mesoscale WRF 

model (Weather Research and Forecasting; Skamarock et al., 2008, NCAR Technical report). The DESCAM module 

follows the evolution of the aerosol particle, drop and ice crystal distributions. Aerosol mass in drops and in ice 

crystals is predicted by two distribution functions in order to close the aerosol budget (Planche et al., 2010, Atm. 

Res). This module is currently coupled with the 3D cloud scale Clark-Hall model (Clark, 2003, JAM; Coen, 2013, 

NCAR Technical report) that is no longer updated. The WRF model is a mesoscale model that not only considers 

the thermodynamics of the atmosphere but also treats the radiative impacts of the cloud. Moreover, this model is 

used by a wide international community.  

The first step of this project was to handle the WRF model. The funding permitted the participation at the 2015 

WRF Tutorial that was organized at the NCAR (CO, US). Since this training, the WRF model has been used in 

several projects in order to understand the evolution of the cloud and precipitation microphysics in different 

precipitating systems, e.g., in an intense convective system observed over the Cévennes-Vivarais region (France) 

during the HYMEX (HYdrological cycle in Mediterranean EXperiment) campaign (Figure 1) or in a squall line system 

observed over the South Great Plain (SGP, Oklahoma) Central Facility of the U.S. Department of Energy 

Atmospheric Research Measurement (ARM) program (Planche et al., 2019, MWR; Tridon et al., 2019, MWR).  

In a second step, in collaboration with the NCAR, the microphysics of the cloud liquid phase of the DESCAM 

module has been implemented in the WRF model. This new numerical tool has been tested in a 2D idealized case. 

Figure 2 shows a comparison of the results obtained after 40 min of integration with the Clark-DESCAM 

configuration and the new WRF-DESCAM configuration for the mixing ratio of cloud. As illustrated by the Figure 2, 

the WRF-DESCAM simulation provides consistent results. So, this configuration has been extended in a 3D 

framework that is currently under evaluation.  



 
Figure 1: Comparative analysis of the cumulative rain 

obtained using the WRF model and two different 

microphysics schemes over the Cévennes-Vivarais region: 

the Thompson et al. scheme (2008, MWRF) and the 

Morrison et al. scheme (2009, MWR). 

 
Figure 2:.Cloud mixing ratio obtained after 40 min of 

integration for a 2D idealized case with the Clark-DESCAM (top) 

and the WRF-DESCAM (bottom) configurations. 

Future of the project: 

In the future, the coupling between WRF and DESCAM will be extended to the ice microphysics of the cloud on an 

idealized case study. Then, this new numerical tool will be used for real study case in order to better understand 

the aerosol-cloud-precipitation interactions. Also, thanks to comparison with bulk microphysics schemes, the 

WRF-DESCAM model will provide insights of the impact of the cloud microphysics representation that is used.  
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