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Why shallow convection? 

1. Because it plays a critical role in the 

climate system (together with St)…. 

2. Because this is where radiative 

sensitivity to microphysics might be the 

largest…  

3.  Because it will remain parameterized in     

GCMs for any foreseeable future… 

  



Brian Soden, U. of Miami 



Resolving macroscopic processes associated 

with shallow convection requires gridlengths 

between 10 and 100 m (the Large Eddy 

Simulation approach). Since such resolutions 

are unlikely to be used in atmospheric GCMs 

any time soon, development of sophisticated 

parameterizations, guided by observations and 

modeling studies, is badly needed… 



Turbulence-microphysics interactions in shallow ice-free 

convective clouds (cumulus, stratocumulus): 

 

- Turbulent entrainment affects spectrum of cloud droplets 

(mean size, concentrations); relevant processes concern in-

cloud activation, homogeneity of parameterized subgrid-

scale mixing, etc. 

 

- Turbulence affects growth of cloud droplets and formation 

of drizzle/rain. 

 

Warm-rain microphysics: 

- double-moment scheme (Morrison and Grabowski, JAS 

2007, 2008) 

-bin microphysics (Grabowski et al. Atoms. Res. 2011)   



Double-moment warm-rain microphysics of Morrison and 

Grabowski (2007, 2008): 

 

- Prediction of concentrations and mass of cloud droplets 

and rain drops (4 variables); 

 

- Prediction of in-cloud supersaturation and thus relating 

the concentration of activated cloud droplets to local value 

of the supersaturation; additional variable (concentration 

of activated CCN) needed;  

 

- Allows various mixing scenarios for subgrid-scale  mixing 

(from homogeneous to extremely inhomogeneous).  



Bin warm-rain microphysics of  

Grabowski et al. (2011): 

 

- Prediction of the spectral shape of 

cloud droplets and drizzle/rain; 112 

bins 

 

- Prediction of supersaturation and 

thus relating the concentration of 

activated cloud droplets to local 

value of the supersaturation; 

additional variable (concentration 

of activated CCN) needed; 

Cloud droplets 

Drizzle/rain drops 



Gerber et al. JMSJ 2008 

Arabas et al. GRL 2009 

RICO (Rain in Cumulus over Ocean) field project observations  



JAS 

2003 

The Barbados Oceanographic and Meteorological Experiment 

(BOMEX) case (Holland and Rasmusson 1973) 



How is it possible that the dilution of the cloud 

water content is NOT accompanied by the dilution 

of the droplet concentration?  



How is it possible that the dilution of the cloud 

water content is NOT accompanied by the dilution 

of the droplet concentration?  

In-cloud activation (i.e., activation 

above the cloud base)! 



Activation 

always on 

Activation 

not allowed 

above 700m 

gray – cloud water; dark gray – positive activation tendency 

Wyszogrodzki et al. ( Acta Geophysica 2012) 
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Conditionally-sampled activation tendency 

Wyszogrodzki et al. ( Acta Geophysica 2012) 



Activation not allowed 

above 700m 

Activation 

always on 

Wyszogrodzki et al. (Acta Geophysica 2012) 
Slawinska et al. (J. Atmos. Sci. 2012)  

Droplet concentrations with and without in-cloud activation 



Brenguier and Grabowski (JAS  1993) 



Brenguier and Grabowski (JAS  1993) 



traditional view 
 view suggested by 

model simulations 



Conclusions (for the 1st part): 

Activation of cloud droplets above the cloud base is 
essential for realistic simulation of cloud microphysics. 
In simulations reported here, about 40% of cloud  
droplets is activated above the cloud base. Only with in-
cloud activation, key features of observed shallow 
cumuli can be simulated (e.g., constant or increasing 
mean concentration of cloud  droplets with height) 

 

Activation seems to mimic entrainment-related 
activation observed in higher-resolution cloud 
simulation. 
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Growth by collision/coalescence: nonuniform distribution of 

droplets in space affects droplet collisions… 

NB: insignificant impact on growth by the diffusion of water vapor ; 

reversible vs irreversible growth (Grabowski and Wang; ARFM 2013). 



Three basic mechanisms of turbulent enhancement of gravitational 

collision/coalescence: 

 

-Turbulence modifies local droplet concentration (preferential 

concentration effect) 

 

-Turbulence modifies relative velocity between colliding droplets (e.g., 

small-scale shears, fluid accelerations) 

 

- Turbulence modifies hydrodynamic interactions when two droplets 

approach each other 
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geometric collisions 
(no hydrodynamic interactions)  



Three basic mechanisms of turbulent enhancement of gravitational 

collision/coalescence: 

 

-Turbulence modifies local droplet concentration (preferential 

concentration effect) 

 

-Turbulence modifies relative velocity between colliding droplets (e.g., 

small-scale shears, fluid accelerations) 

 

- Turbulence modifies hydrodynamic interactions when two droplets 

approach each other 

collision efficiency 



Enhancement factor for the collision kernel (the ratio between turbulent 

and gravitation collision kernel in still air) including turbulent collision 

efficiency; ε = 100 and 400 cm2 s–3. 



 

01-Feb-13 25 
without turbulence with turbulence, ε = 400 cm2s-3 



JAS 

2003 

The Barbados Oceanographic and Meteorological Experiment 

(BOMEX) case (Holland and Rasmusson 1973) 





dissipation rate (cm2s-3) 



Rain formation depends critically on the CCN 

concentration, so we consider a range … 

:  30, 60, 120, 240 mg-1 



Before considering LES of a cloud field, lets consider a simple (2D, 

idealized) single cloud simulation: a bubble (thermal) rising in a 

stratified environment using the same EULAG bin model… 

 

 

For reasons that will become obvious in the discussion, lets consider 

two cases: 

 - 2-layer system: bubble’s rise is stopped by an inversion; 

 - 1-layer system: bubble can rise unobstructed towards the upper 

boundary. 

 

Compare simulations with a gravitation collection kernel 

and with a turbulent kernel assuming ε = 100 cm2s-3. 



ε = 100 cm2 s-3  

ε = 

0  

ε = 100 cm2 s-3  

ε = 

0  

Rising bubble simulation with an inversion at 2.5 km (2 layers) 

Rising bubble simulation without an inversion (1 layer) 
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Microphysical 
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Dynamical 

enhancement 
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~100% 







Domain-averaged cloud water mixing ratio 

Gravitational kernel Turbulent kernel 
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Domain-averaged rain water mixing ratio 
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Cloud water 

Rain water 
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Domain-averaged liquid water path (LWP, cloud water only) and rain water path (RWP) 
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Domain-averaged liquid water path(LWP, cloud water only) and rain water path (RWP) 

Microphysical 

enhancement 

Microphysical + dynamical 

enhancement 



Surface rain accumulation from cloud field: 

Gravitational kernel Turbulent kernel 



Seifert et al. QJRMS 2010 

(double-moment microphysics) 



Seifert et al. QJRMS 2010 

(double-moment microphysics) 



Summary (for the 2nd part): 

 

Small-scale turbulence appears has a significant 

effect on collisional growth of cloud droplets and 

delopment of warm rain in shallow cumuli. Not 

only rain tends to form earlier in a single cloud, 

but also turbulent clouds seem to rain more. This 

is a combination of microphysical and dynamical 

effects. The (perhaps surprising) magnitude of this 

effect calls for further observational and modeling 

studies to provide more support for these findings.  


