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Numerical simulation of the formation of precipitation using 

bin microphysics 

The qualitative and quantitative prediction of the properties of precipitation is 

challenging in everyday forecast, especially in complex cases – in nowcasting. 

A mesoscale convective system was formed and moved forward to northern Oklahoma 19-

20 June 2007. The storm had a strong convective leading edge and trail stratiform 

precipitation (Morrison et al, 2012). The research focused on the effect of the melting 

and that of the evaporation of precipitation elements on the formation of the cold pool. 

 

INTRODUCTION 

RESULTS 

CONCLUSIONS 
A numerical simulation of a real squall line using bin microphyisical scheme was made. 

The melting of the solid hydrometeors (snowflakes and graupel particles) were tested. 

The formation of a cold pool and the radar reflectivity pattern were investigated. 

Simulaton shows: 

 - In the stratiform region the model overestimated the precipiation (related to this 

the radar reflectivity) associated with the intensive melting of snowflakes (Fig 1c, Fig 

3b). 

 - The model is able to reproduce the bright band considering the size dependent 

melting fractions (Fig 1b).  

 - Formation of the cold pool behind the leading edge is spreading around 100 km. 

 - The modeled size distributions show that the formation of the graupel particles 

are related to the intense convective regions (Fig 4c). 

 - The liquid water droplet median volume diameter is 3 mm (Fig 4d).  
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Figure 3: Simulated 

accumulated graupel (a) 

and rain (b) on the 

ground at the 8th 

simulated hour. (c) Total 

accumulated precipiation 

on the surface [ mm ]. 

 

Simulations were conducted using the nonhydrostatic Advanced Research Weather 

Research and Forecasting model (WRF) version 3.4.1 (Skamarock et al. 2008). 

Microphysics: 

Simulations used a detailed microphysical scheme (Geresdi et al, 2014; Thériault et al, 

2015). Four different hydrometeor type was distinguished: ice particles (with the size 

range: 2.06e-6 — 0.38 m), snowflakes (size between: 2.06e-6 — 7.85e-2 m), graupel 

particles (size: 3.37e-6 — 5.08e-3 m), water drops [1.56e-6 — 1.02e-2 m; including: cloud 

water droplets (1.56e-6 — 2.50e-5 m) and raindrops (2.50e-5 — 1.02e-2 m)]. Each type of 

the different particles were divided into 36 bins.  The following microphysical processes 

were taken into consideration: 1) Diffusional growth of different type of hydrometeors; 

2) Melting of solid hydrometeors; 3) Freezing of supercooled water drops; 4) Collision and 

coalescence of water drops; 5) Self-coagulation of pristine ice crystals results in 

snowflakes; 6) Self-coagulation of snowflakes increases the mass of snowflakes; 7) 

Riming; 8) Breakup of water drops; 9) Formation of pristine ice crystals by deposition 

nucleation; 10) Sedimentation. 

Model setup: 

The initial conditions followed by Morrison et al (2015). Simulations were integrated for 8 

hours. The domain size is 612 × 122 km in the horizontal (1 km grid spacing) and 20 km in 

the vertical directions (100 sigma levels for model setup). 
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Figure 1: Simulated horizontal and vertical cross section of radar reflectivity [ dBZ ] at 

4th, 6th and at the 8th simulated hour. Horizontal black line indicates the location of 

vertical cross sections shown in figures. 

Figure 2: Simulated horizontal and vertical cross section of theta perturbation [ K ] at 

4th, 6th and at the 8th simulated hour. 
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MODEL DESCRIPTION 

Figure 4: Simulated size distribution of the different type of hydrometeors: (a) 

snowflakes above the melting level, (b) snowflakes below the melting level, (c) graupel 

particles and (d) water drops at the 8th simulated hour. Black lines are related to the 

stratiform region, red lines note the size distributions in the convective region, the 

dashed lines are related to the melting and riming fractions. 

Figure 5: Vertical cross sections: (a) U-wind, (b) V-wind, (c) W-wind component [ m s-1 ] 

and the mixing ratios [ g m-3 ] at the 8th simulated hour: (d) cloud water, (e) rain water, 

(f) total liquid water, (g) cloud ice, (h) snowflakes and ice particles, (i) graupel particles 

and (j) riming rate of snowflakes, (k) melting rate of snowflakes and (l) melting rate of 

graupel particles. Gray lines note the temperature in °C. 

http://www.facebook.com/pages/PosterPresentationscom/217914411419?v=app_4949752878&ref=ts

