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Context: The SESA region arguably witnesses one of the most intense convective systems in the world, and yet much                  

remains unknown about their physical processes. Physical processes inside clouds are among the most unknown               

components of the weather and climate systems. The description of microphysical cloud processes and dynamical               

processes that result from numerical models need to be improved. 

Objectives/scientific questions: The present project aimed at analysing and evaluating the microphysical            

parameterizations in cloud resolving models, specifically in the Weather Research and Forecasting (WRF) model for deep                

moist convective systems in central/northern Argentina, a region characterized by its large and intense severe weather                

producing convective systems. This exercise contributed to improving the understanding of frozen hydrometeor optical              

properties and the characteristics of deep convection in the SESA region.  

Main results: A research radiative transfer model, ARTS, was coupled with the WRF model to conduct a direct comparison                   

between simulated and observed passive microwave satellite-based radiances of three meteorological events of extreme              

deep moist convection in the SESA region. The coupling tool included three WRF microphysics schemes: the WRF                 

single-moment 6 (WSM6; Hong and Lim, 2006), the WRF double-moment 6 (WDM6; Hong et al., 2010) and the Thompson                   

schemes (THOM; Thompson et al., 2008). The Liu (2008) discrete dipole approximation (DDA) scattering database for                

frozen hydrometeors, was tested consistently with the WRF microphysics parameterizations under deep convective real              

cases, introducing the equal mass approach. Modelling the scattering properties of frozen hydrometeors is a very                

challenging task, unlike rain or cloud water, mainly due to uncertainties in their composition and shape. The equal mass                   

approach consists of describing the optical properties of the WRF snow and graupel hydrometeors with the optical                 

properties of habits in the DDA database whose dimensions might be different but whose mass is conserved. This                  

approach showed to yield considerable benefits over homogenous snow spheres composed of air+ice whose scattering               

properties are calculated with Mie theory. The performance of the WRF + ARTS radiative transfer simulations was                 

evaluated by comparing observed and simulated TBs with the available coincident microwave observations up to 190                

GHz, as shown in Illustration 1 for a meteorological scene studied that occurred on 6 December 2012 at 19:00 UTC                    

associated with high impact weather. As shown, the microphysics schemes in WRF model the overall structure and                 

location of the cloud system fairly well. As expected, most departures between observations and simulations are                

associated with cloudy situations at low brightness temperatures (BTs), where frozen hydrometeors mostly interact with               

radiation through strong scattering. At low BTs, a large sensitivity to DDA habit choice is found in the simulated BTs which                     

evidences the complexity in characterizing the frozen hydrometeors scattering signal. Simulations with the WDM6/WSM6              

scheme, and the thin hexagonal plate or the six-bullet rosette show excessive scattering especially for the 89 and 157 GHz                    

MHS frequency channels, while the sector habit produces BT distributions closest to the observed distribution. Finally, the                 

simulations with the THOM scheme show that the sector and six-bullet rosette produce excessive scattering, while the                 

dendrite and thin hexagonal plate produce distributions closest to those observed. The resultant bulk scattering               

properties of each of the Liu (2008) habits were shown similar for the WSM6 and WDM6 schemes, but different than the                     

THOM scheme. This is due to the different particle size distributions and mass–size relationships. In general, the dendrite                  

habit is shown to perform best for all the schemes. Similar results were obtained by Geer and Baordo (2014) when                    

analysing the DDA shapes over land. Illustration 2 shows the relative residuals Ei and aids the analysis of Illustration 1. The                     

χ2 test was used as a verification method to evaluate how close the simulated distributions were to the observed                   
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distributions. The dendrite habits show low χ2 values across the microphysics schemes. In the WSM6 and WDM6                 

schemes, the sector snowflakes also perform well. The sector snowflakes, however, show very high χ2 values in the                  

THOM scheme simulations. In the THOM scheme simulations, the thin hexagonal plates follow the dendrite habits in the                  

low χ2 values. Nonetheless, disregarding the observed detailed spatial structures, an overall agreement is obtained               

between the simulated and the observed BTs, provided that special attention is taken when describing the optical                 

properties of snow and graupel species. The dendrite and the thin hexagonal plate habits show the smallest χ2 values                   

for the THOM scheme WRF simulations, while the sector and dendrite habits show the smallest χ2 values for the WSM6                    

and WDM6 schemes. These are important considerations when building databases for statistical retrievals, or assimilation               

of satellite radiances. The ECMWF system for example, following Geer and Baordo (2014), implemented the               

“one-size-fits-all” sector-snowflake model.  

 

Illustration 1: The observed (solid black line)       

and simulated (solid coloured lines) MHS      

brightness temperature distributions for an     

MCS event of interest analyzed on 6       

December 2012 at 19:00 UTC.  

 

 
Illustration 2: The distribution of simulated residuals of the χ2 test           

for the simulated MHS observations shown in Illustration 1. Note          

that the χ2 values are included.  

Future of the project: During the warm season of 2018-2019 two experiments will be deployed to study convective                  

systems in central Argentina: RELAMPAGO (Remote Sensing of Electrification, Lightning, And Meso-scale/Micro-scale            

Processes with Adaptive Ground Observations) funded principally by the US National Science Foundation, and CACTI               

(Cloud, Aerosol, and Complex Terrain Interactions Experiment Proposal) funded principally by the US Department of               

Energy. These field experiments will guarantee an unprecedented adaptive ground-based network, including for example              

fixed and mobile Doppler/polarization radars (W, Ku, X, C and S-Band). All key observations to advance on the                  

understanding of the processes surrounding convective initiation and upscale growth in the region. 
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