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Chapter 7 Quasi-Geostrophic (QG) Theory for 

Midlatitude Synoptic Systems 
 

 

 

7.3 Geopotential Tendency Equation 
(Equation editor: xutDtD  /// ) 

 

Purpose: To derive a prognostic equation for predicting 

geopotential tendency.  

 

 Based on the hydrostatic equation 

 

  (6.2) 

 

We have 

 

 

 

Substituting it into the QG thermodynamic equation 

 

  (6.13) 

 

leads to 
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  (6.22) 

 

 

where = R/cp.  

 

 Equation (6.22) is also called “hydrostatic thermodynamic 

equation”.   

 

Q: What is the physical meaning of individual terms of 

(6.22)? 

 

 Equations (6.22) and the QG vorticity equation (derived in 

Ch.7.2) 

 

 
   (6.18) 
 

or 

   
   (6.18)’ 
 

form a closed set of equations since 

 

  

 
   (6.13) 

 Eliminate       geopotential tendency (equation  

 To predict geopotential height tendency 

 Eliminate      Omega () equation 

  To diagnose vertical motion  
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The geopotential tendency equation can then be derived 

  

 

 
            Term A                     Term B                       Term  C                    Term D 

   (6.23) 

 

Physical meaning of (6.23) may be understood by the following 

simple form: 

 

  

 

or 

 

 
Term B: Relative and Planetary Vorticity Advection 

 
In Region I:  increases (decreases) with time due to relative 

(planetary) vorticity advection.                             
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Example of Relative Vorticity Advection in the Real World 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

  

Initial  
Trough Axis 

NVA Expect  
Height Rises 

PVA Expect  
Height Falls 

Expect the trough to move east 

Initial Time 

Initial  
Trough Axis 

12 Hours Later 
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Term C: Differential Temperature Advection (  TV
z





g ) 

 

 
In Region A (B):  decreases (increases) with time due to cold 

(warm) advection.                             
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Example of Warm Advection in the Real World 

 

 

 

 

 

 

 

 

 

 

Initial 

Trough Axis 

Strong WA at low level 
Weaker WA aloft (not shown) 

Expect Height Rises 

Initial Time 

850 mb 

Strong CA 

Weaker CA aloft (not shown) 

Expect Height Falls 

Initial 

Trough Axis 

 12 Hours Later 

850 mb 

Trough “deepened” 

Ridge ”rose” 
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