
    

 

WhenWhen SaturationSaturation OccursOccursWhenWhen SaturationSaturation OccursOccurs……
 

• Heterogeneous Nucleation• Heterogeneous Nucleation 
• Supersaturations very small in atmosphere
 

• DDrop siize distribibution sensi iitive to siizedi i 
distribution of cloud condensation nuclei 
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PrecipitationPrecipitation Formation:Formation:
PrecipitationPrecipitation Formation:Formation:
 

• Stochastic coalescence (sensitive to drop 
size distributions) 

• Berggeron-Findeisen Process 
• Strongly nonlinear function of cloud water 

concentrationconcentration 
• Time scale of precipitation formation ~10-

30 minutes30 minutes 
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   

 

   
   

StabilityStabilityStabilityStability 
No simple criterion based on entropy: 

   T p  sdd  cp ln    Rd ln  p    d   T 0 p0 T     

   sd , pd 

   T p qs cs c lnln    RR lnln    LL  qR ln 
qR ln    p  T  d  p  v T v 
 0   0  

s p q   , ,  t  
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Virtual Temperature and DensityVirtual Temperature and Density 
TTTTemperatureemperature
 

Assume all condensed water falls atAssume all condensed water falls at
 
terminal velocity
 

V V a  c  
V V  

M  M  Md v c 

pV nR *T 

R T*  Md Mv 


Va     , p m md v  
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1 mm d 1 MiM md i i 

R T  	 M  Va 	 d  Md  v 
  , 

p  p   

mvv  0 622  0.622 here	  where	   md 

R Rd  R ** 
dm 
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 

v c v

 



V V  R T    a c  d 1 qt  q  qc a    Md  Mv  Mc 
  

1
1 qc  c  M  M  M pp 1 q  

R T
 d 11 qqt  

p t  
M  M Mv c vq  , q qt  q  

M M 
Density temperature: 

T  T 1 qt  

q  

q 
 

RdT  
p 
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Trick:Trick:
Trick:Trick:
 

D fiDefine a saturatiion entropy, s** : 

s*  ss TT , ,p q*s p q 

   s*, p q, t  
We can add an arbitrary function of qt to s* such that 

   s*', p 
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Stability Assessment using Tephigrams:
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      StabilityStability AssessmentAssessment usingusing TephigramsTephigrams::
StabilityStability AssessmentAssessment usingusing TephigramsTephigrams::
 

Convective Available Potential Energy 
(CAPE): 

piCAPE     dpi pn p e 

pi R T   TT d ln pi R T  d  ln p d    p e 
p p 
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Other StabilityOther Stability DiagramsDiagrams::
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  ““AirAir--MassMass”” Showers:Showers:
AirAir MassMass Showers:Showers:
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