
QG HEIGHT TENDENCY 

AOSC470 / AOSC600: Synoptic Meteorology I 

Lecture 13 (9/26/2012) 



Today’s goals 

• What is the physical interpretation of the QG 

height tendency equation? 

 

• How can we apply the QG height tendency eq.? 

 

• Reviving the diabatic heating term 

 

• What is the QG potential vorticity? 



Solve for 𝜒: QG height tendency eq. 
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Eliminating 𝜔 and solving for 𝜒 gives QG height tendency equation 

of the form: 𝐴𝜒 = 𝐵 + 𝐶 

A: 3-d Laplacian, changing the sign of waves (sin, cos functions) 

B: 𝑉𝑔 ∙ 𝛻(𝜁 + 𝑓) (vorticity advection; not differential !!) 

C: Vertical derivative of the thickness advection (differential thermal 

advection) 

The height tendency equation is the equation of the QG 

tendency, i.e., weather development and decay. 



Absolute vorticity advection 



Absolute vorticity advection 
Black contour: (𝜁 + 𝑓) 

Shading: 𝑉𝑔 ∙ 𝛻(𝜁 + 𝑓)  

Question: 

What is the QG 

height tendency 

based on the vorticity 

advection? 



Digging and lifting troughs 



Trough and isotachs 

Question: Is this trough digging or lifting? 



Differential thermal advection 

 Thermal advection increasing with height: 𝜒 < 0 

 Thermal advection decreasing with height: 𝜒 > 0 



Reviving the diabatic heating term 
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The QG omega and height tendency equations will have additional 

terms: 
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heating (J>0) gives forcing for ascent, 

similarly to the thermal advection C. 

vertical derivative of heating 

contributes to the height tendency, 

similarly to the differential thermal 

advection C. 

heating ~ thermal advection 



QG potential vorticity 

QG height tendency equation leads to the following conservation law: 
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Here, q is the QG potential vorticity. 

QG height tendency eq.  QG PV conservation 

Exercise: derive the QG PV conservation law. 

Absolute vorticity Static stability 

PV invertibility: If q is given, we can recover the flow fields. 
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