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Global water vapor budget (Held and Soden 2006): 
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M: mass flux; q: PBL water vapor       

thermodynamic   dynamic   

P: precipitation  
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 7.5% in q per 1ºC T 

(Clausius-Clapeyron) 

thermodynamic component 
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1-3% in P per 1ºC T 

(model simulations) 

      <0 

     slowing of tropical 

         circulation 

         dynamic component 
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Held and Soden (2006); Vecchi and 

Soden (2007) 



In global average, P = E 

P ≈ LW+SW (assuming H is small) 

Vecchi and Soden (2007) 
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 vqEP

P: precipitation; E: evaporation 

q: water vapor (moisture); v: horizontal velocity 

ω: vertical velocity; ‹  ›: vertical integration 

convergence of moisture flux 

Vertically integrated water vapor budget 
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Vertically integrated water vapor budget 
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vertical advection horizontal advection 

thermodynamic dynamic 
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                        :a weakening of tropical circulation 0
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    >0 or <0 

1-3% in P per 1ºC T 

(controlled by energy budget) 

 

 7.5% in q per 1ºC T 

 

 

     <0 

   No constraint  7.5% in q per 1ºC T 
  



Effect of convection depth 



 deepening of convection:~ 2.5-3.4% 



Chou and 

Chen 2009 

Convection top: 

155 hPa ~ 137 hPa 

(-1.2% ~ 3.3%) 



155 hPa 

150 hPa 

145 hPa  

141 hPa 

137 hPa 



shallower                      deeper 

thermodynamic 

 dynamic 
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Deeper convection 

more E less E 

Reduced upward motion; Less convergence of moisture flux 

more evaporation 

 vqEP



shallower                                deeper 

ascent 

stability 

Vertically integrated moist static energy budget 
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The deeper (shallower) convection,  

     the more stable, larger values, (unstable, smaller 
values) the atmosphere 



Under quasi-equilibrium closure 

1vMhp 

 hM p

where  

1v

gross moist stability 

divergence (baroclinic winds) 

Ω: typical profile of vertical velocity for deep convection 
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Gross moist stability 

 hM p

),,( tpqTM

MpqTMpqTMpqTMpqTM tttt  ),,(),,(),,(),,(

MMMMM pthqhT  ***~



ENSO 



*

hTM



*

hqM



*

ptM



Conclusion 

• Slower increase of rainfall and faster increase of 

water vapor no guarantee for weakening of 

tropical circulation 

• Effect of convection depth: the deeper (shallower) 

convection, the weaker (stronger) the circulation 

   inconsistent among observed strength of tropical   

       convection  

• Gross moist stability M: an index to measure 

atmospheric stability 

                       Chou and Chen, 2010, J. Climate, 23, 3019-3030. 


