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Chapter 2  Quasi-geostrophic Theory and Its Application 

2.2 Application of QG Tendency Equation 
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Term A: Proportional to -𝒳 

Term B: Geostrophic absolute vorticity advection 

Term C: Differential thickness advection 



Schematic illustrating the contributions of the geostrophic absolute vorticity 

advection to height falls and rises (note: the height tendency is zero at the 

vorticity maximum)  



Schematic illustrating (a) a digging trough and (b) a lifting trough; these 

troughs are associated with jets and can produce a net height tendency near 

the base of the trough  



An example showing the 

evolution of a lifting trough 
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An example showing the 

evolution of a digging trough 
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Schematics illustrating how local maximum of warm and cold 
advection contribute to changes in height fields 



Contribution of cold advection to amplification of the upper-level 

trough through the QG forcing 



2.3 Application of QG Omega Equation 

Term A: Proportional to -ω 

Term B: Differential vorticity advection 

Term C: Thermal advection 
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Note: In real atmospheric, Orographic or frictional effects, not included in 

QG, likely overpower the QG signal. Moreover, rising air does not guarantee 

precipitation or even clouds  

Additional considerations when using QG Omega Eq. in practical 

forecasting: 
 

 How intense is the forcing for ascent? 

 Do the two right-hand terms reinforce or cancel? 

 Is there sufficient moisture available? 

 Are non-QG mechanisms at work that could obscure the QG signal? 



Schematics illustrating the physical cause for the QG-forced vertical 
motions; thermal wind balance is present at the initial time but it is 

being disrupted due to advection of zonal geostrophic winds 



Descent and ascent forced by the differential vorticity advection 
in the QG Omega Equation  



Distribution of vorticity advection associated a jet streak 

Jet entrance region Jet exit region 



A real example of vertical motions forced by differential vorticity advection 

ω 



Thermal advection in the 

Omega equation  

* 
Sounding location marked by  * 



An example showing possible cancellation between the two right-hand 

terms of the Omega equation (note: wind backing to the east of the trough)   



The Q-vector form of the QG Omega equation can be written as 
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Forcing for ascent (descent) when Q vectors converge (diverge)  



Q-vector analysis in this case suggests a stronger forcing of the differential 

vorticity advection compared to thermal advection 


