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Introduction 

Picture from http://water.usgs.gov/edu/watercycle.html 



Introduction 

 Droplet Growth Processes 
 Diffusion 

Pictures from http://www.shodor.org/os411/courses/411c/module07/unit03/droplet.html 



Introduction 

 Droplet Growth Processes 
 Aggregation: 

 

Pictures from http://www.shodor.org/os411/courses/411c/module07/unit03/droplet.html 



Cumulus Clouds 

 Typical Altitude: 1-3 km 

 Composition: Liquid Water 

 
 



Cumulonimbus Clouds 

 Typical Altitude: 1-13 km  

 Composition 
  Liquid Water throughout the cloud 

  ice crystal at the top 

 
 



Model Description and General 
Assumptions 
 Growth rate model 

 

 Assumption: Constant Property Cloud 
 Constant Temperature 

 Constant Supersaturation 

 

 Theoretical Particle Growth 
 It is known that particularly small particles grow differently 

 Continued growth without fallout 

 



Liquid Droplets 

 Sources of data (Common Cumulus Clouds): 
 Supersaturation: 0.5 to 2% 

 Temperature: 2°C to -7°C 

 

Equation: Curry and Webster 1999 



Ice Spheres 

 Sources of data (Cumulus-Type Clouds): 
 Supersaturation: 0.5 to 2% 

 Temperature: 0°C to -14°C 

 

Equation: Curry and Webster 1999 



Aggregate Snow 

 Data: 
 Mixing Ratio: 0.046 – 0.092 

 Snowflake Density: 95 – 105 kg/m^3 

 

Equations: Curry and Webster 1999 



Aggregate Snow 

 Distribution Function 
 Schemenauer et al. 1980 

 Fletcher 1962 

 

Schemenauer et al. 1980 and Fletcher 1962 



Liquid Droplets - diffusion 

 Diffusional growth of liquid droplets is fastest at 0°C 

 Faster at 2°C than at -7°C 



Liquid Droplets - diffusion 

 Higher levels of supersaturaton yielded faster growth 
rates 



Liquid Droplets - diffusion 
 Growth of liquid droplets in cumulus type clouds is more 

sensitive to supersaturation than to temperature 



Ice Spheres - diffusion 

 Lower temperatures yielded faster growth rates 



Ice Spheres - diffusion 

 Higher levels of supersaturaton yielded faster growth 
rates 



Ice Spheres - diffusion 
 Unlike liquid water droplets, growth of ice spheres is 

more sensitive to temperature than supersaturation 



Snowflakes - aggregation 

 Greater snowflake density -> slower growth rate (in 
terms of radius) 



Snowflakes - aggregation 

 Larger mixing ratio -> faster growth rate 



Snowflakes - aggregation 

 Snowflake growth by aggregation is more sensitive to 
mixing ratio than to snowflake density 



Physical Insight 
and Application 

Wrong seeds? How? 

 Too large of seeds will quickly 
fall out of the sky, bringing 
minimal water with them 

 Too small of seeds won’t 
result in rain where you want 
it 

 Want nucleation-to-
precipitation time <30 min 

 CA seeding rain in…AZ?!?! 
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Questions? 
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