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(Raymond, 1995)
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Free troposphere heat balance: 
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Convective downdraft: 
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ad at e co ect e b u 0

 

 Radiative-convective equilibrium: w=0equ 
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Then    FF  
  p FF s eq  sw    
1  s  s  s  s  p b m b m eq p  eq  

Surface fluxes: F  C | |V  
| |  s *  ss kk 00s bb 

w > 0 if 
• Fs > Feq 

• (sbb-smm)) < (s(sbb-ssmm))eq (s s eq 

• Qcool < (Qcool)eq 
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Note also that we must have M  0 so u 

in circumstances under which (1) and (2) yield Mu  0 

we take M  0,u 

wb    F 
b

s or  sb  sm    Fs 
s  s wb mm bb 

w  Q cool 
SS 

radiative-subsidence balance 
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Weak Temperature GradientWeak Temperature Gradient 

Approximation (WTG)Approximation (WTG)
 

SobelSobel andand BrethertonBretherton 20002000
SobelSobel andand BrethertonBretherton,, 20002000 

• Ignore time dependence of T above PBL
• Ignore time dependence of T above PBL
 

• Determine w from aforementioned 
equationsequations 

• Determine vorticity from w 
• Determine T by inverting balanced flow 
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