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Part 4: Mountain Waves 



Question: What might cause this wave-like flow? 
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In a Barotropic Fluid 

For a barotropic, 
incompressible and 
homogeneous fluid: 

Potential Vorticity 

Definition:  The barotropic potential 
vorticity of a fluid column is defined as PV =

⇣g + f

h
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Question: What can barotropic PV tell us 
about flow over a mountain? 
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Assume mountain is “long” in 
the North-South direction 

(that is, flow cannot go 
around the mountain. 
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Flow is adiabatic so fluid is 
confined between layers of 

constant potential 
temperature. 
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Far upstream the flow is 
purely zonal with no 

variation in the meridional 
direction. 
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Question: What happens when the wind 
reaches the mountain? 
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Question: What happens when the wind 
reaches the mountain? 

Answer:  Air must be lifted.  The mountain 
induces vertical velocity in the flow:  since 
the air cannot flow into the mountain 
there must be horizontal divergence. 
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Question: What happens when the wind 
reaches the mountain? 

Answer:  Air must be lifted.  The mountain 
induces vertical velocity in the flow:  since 
the air cannot flow into the mountain 
there must be horizontal divergence. 



Flow Over a Mountain 

Paul Ullrich A Rotational View of the Atmosphere March 2014 

Mountain	  

u

West East 

✓ +�✓

✓

H	
 ⇣ = 0

Pressure gradient force 
spreads this out. 

Lifting is higher at 
ground than aloft. 
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Observe: By conservation of 
PV,  ζ must increase here 
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Observe: By conservation of 
PV,  ζ must increase here 

Question: What does this 
mean for the flow? 



Cyclonic Anticyclonic 

Rotational 

Shear 

Vorticity 
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Shear vorticity requires 
meridional asymmetry 

Positive 
Vorticity 

in NH 

Negative 
Vorticity 

in NH 
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By conservation of PV,  
ζ must increase here. 

Question: What happens to 
air as it hits the mountain? 

In the Northern hemisphere, 
the flow must turn northward 
(cyclonically) in order to satisfy 
PV conservation 
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Flow Over a Mountain 
Looking down from above 
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Observe: By conservation of 
PV,  ζ must decrease here 

In the Northern hemisphere, 
the flow must turn southward 
(anti-cyclonically) in order to 
satisfy PV conservation 
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Flow Over a Mountain 
Looking down from above 
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Observe: By conservation of 
PV,  ζ must again increase here 

In the Northern hemisphere, 
the flow must turn northward 
(cyclonically) in order to satisfy 
PV conservation 
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Flow Over a Mountain 
Looking down from above 
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Flow Over a Mountain 
Looking down from above 
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The flow arrives 
here with 
northward 
momentum 
“overshoots” 
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Flow Over a Mountain 
What about planetary vorticity?  

D
ep

th
 H

 - 
Δ

H
	


D
ep

th
 H

 +
 Δ

H
	


f  is greater for 
deflections to 
the north. 
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f  is reduced for 
deflections to 
the south. 
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Flow Over a Mountain 
What about planetary vorticity?  
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Excess of planetary 
vorticity; relative 
vorticity must 
decrease. 
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f = f1

⇣ = ⇣1

H = H1 f > f1

⇣ < ⇣1

H = H1



Atmospheric Waves 

Loses cyclonic vorticity	


Gains cyclonic vorticity	
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“Alberta Clipper” 
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Question: What if the flow 
is from the East? 
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