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Context:  

The rudimentary representation of the rain microphysics remains a weak point in all models regardless of 

resolution (IPPC, 2013). Forecasting precipitation and determining the radiative impact of the precipitation at the 

cloud system scale is still an important challenge for the atmospheric community.  

Objectives:   

This project demonstrates how novel multi-frequency radar observations provide unprecedented insights on the 

representation of rain microphysics in a Cloud Resolving Model (CRM) with a bulk microphysics scheme such as the 

WRF model (Weather Research and Forecasting). 

Main results:  
In this study, multi-frequency radar observations are used to evaluate the representation 

of the rain microphysics in the WRF (Weather Research and Forecasting; Skamarock et al., 

2008) model for a squall line system observed over Oklahoma on 12 June 2011 (Figure 1). A 

novel retrieval technique (Tridon et al., 2017, QJRMS) combining observations of two 

vertically pointing cloud radars (located at the South Great Plain (SGP) Central Facility of 

the U.S. Department of Energy Atmospheric Research Measurement (ARM) program) 

provides quantitative description of the Drop Size Distribution (DSD) properties (i.e., the 

concentration parameter N0* and the mean volume diameter Dm) of the Transition Zone 

(TZ) and the Stratiform Region (SR) of the squall line system with unprecedented vertical 

and temporal details.  

The comparison between the retrieved properties of the DSD (in black on Figure 2) and the same parameters 

modeled using either the Morrison (Morrison et al., 2009, MWR) (in blue on Figure 2) or the Thompson (Thompson 

et al., 2008, MWR) bulk microphysics scheme (BMS) highlights large discrepancies in the evolution of the vertical 

profile of the rain DSD. These discrepancies suggest an issue in the representation of the rain drops breakup and 

self-collection, or another effect such as the drop size sorting artifact associated to sedimentation in bulk schemes 

(Tridon et al., MWR, in revision). They may also partly originate from the properties of the simulated ice Particles 

Size Distribution (PSD) above the melting layer, however no accurate PSD retrieval are available for validation.  

Focusing on the rain layer, numerical sensitivity studies were performed to investigate the sources of these 

differences. This study tackles the bias at the top of the rain layer and the vertical DSD evolution by modifying the 

melting process in the Thompson BMS and using different breakup and self-collection parameterizations in both 

BMSs. Results show that the vertical evolution of the DSD is strongly dependent on the representation of the 

breakup/self-collection parameterization and the melting process (in red and green on Figure 2). In the Thompson 

BMS the simulations tend to produce better results for the DSD properties of the transition zone at the expense of 

those obtained for the stratiform region. In the Morrison scheme, the simulations with more efficient breakup can 

improve the DSD representation dominating the effect of drop size sorting due to sedimentation (Planche et al., 

MWR, in revision).  

This study also investigates how the inaccuracy in the representation of the DSD properties strongly influences the 



evaporation rate and hence could impact not only the rain rate at the ground but also the atmospheric buoyancy 

and the cold pool intensity through latent heat exchange.  

 

 

 
Figure1: Temporal evolution of the vertical profile of the 

radar reflectivity observed at the ARM SGP site (top), 

and obtained by simulations with Morrison (centre) and 

Thompson (bottom) BMSs. 

 

 
Figure2: Mean vertical profile for the mean volume diameter Dm 

(a,b) and the concentration parameter N0* (c,d) during the 

Transition Zone (TZ) (a,c) and the Stratiform Region (SR) (b,d) of the 

squall line retrieved from observations and in simulations using the 

default Morrison BMS (MORR-CTL), and with a break-up and rain-

self collection process more (MORR-105) and less (MORR-510) 

efficient.  

 

Future of the project: 
In future work, the improvement of the breakup representation needs to be confirmed for other case studies and 

with other models such as Meso-NH. Furthermore, the influence of the sedimentation artifact can be avoided 

using a bin microphysics scheme such as the Detailed Scavenging and Microphysics (DESCAM; Flossmann and 

Wobrock, 2010; Planche et al., 2014) model.  
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