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Which hemisphere is this in?
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If H gets smaller, so must |f|….





New 2 layer
SW Equations

X momentum

Y momentum

Conserve PV
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Linearised layer 0 Linearised layer 1



Rossby waves: barotropic



Rossby waves: barotropic

No timescales of O(f) = no BGWs 
or other gravity waves

Keep here as it’s 
the same order 
as 𝛽

• This assumption means we 
are describing “balanced 
flow” since velocities are in 
geostrophic balance.

• State known as quasi-
geostrophic balance (QG)

• There is a more general non-
linear form which we won’t 
look at here…
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Rossby waves: barotropic

No timescales of O(f) = no BGWs 
or other gravity waves

Keep here as it’s 
the same order 
as 𝛽

Linearised barotropic “quasi-geostrophy”

Rossby waves
• Doppler shifted by the mean flow
• Travel westward < 0

• Depend on the Rossby radius     

𝐿 =
 

∼ 2000𝑘𝑚



Rossby waves

Wavelength?
Distance per year?

Do they match?

Challenor et al., 2004



Stationary Rossby waves
What about if a flow exists such that ????



Stationary Rossby waves
What about if a flow exists such that ????

• A westward travelling wave of 200-300km wavelength would 
be stationary in an eastward flow of a few cm/s

• What is U is faster than this?



Stationary/trapped Rossby waves
44                           49                           54                         58      deg S    

Belonenko et al., 2020



Internal waves

Linearised layer 0 Linearised layer 1



Internal waves

Linearised layer 0 Linearised layer 1

Rigid lid: 𝜂 ′ = 0

Decouples layer 1 (interior) from layer 0 (surface)



Internal waves Linearised layer 1 equations with a rigid lid
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Internal waves Linearised layer 1 equations with a rigid lid

Rigid lid: 𝜂 ′ = 0

Compare with the barotropic equations from before

They’re the same equations!
The internal waves are the same as the surface waves, but 

with 𝑔 → 𝑔’    and     𝐻 → ℎ



Internal Rossby waves Linearised layer 1 equations with a rigid lid

Rigid lid: 𝜂 ′ = 0

surface

internal

Internal Rossby waves are SLOWER
For a given flow speed, trapped waves are longer



Internal gravity waves Linearised layer 1 equations with a rigid lid

Rigid lid: 𝜂 ′ = 0



Internal gravity waves Linearised layer 1 equations with a rigid lid

Rigid lid: 𝜂 ′ = 0

Internal waves: balanced wave PV, varying wave momentum
Rossby waves: balanced wave momentum, varying wave PV 



Internal gravity waves
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Etc, etc, etc, ………….

Internal gravity wave dispersion relation
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Internal gravity waves
Rigid lid: 𝜂 ′ = 0

BGW

IGW

IRW

BRW

IGWs are MUCH smaller than BGWs

Simmons et al., 2004



Ocean space-time scale diagram
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The mechanism behind the waves
Gravity waves Rossby waves

• The bathymetry induces a z (or y) velocity to the flow, which 
reduces its buoyancy (or vorticity)

• If the perturbation is slow/weak, the flow remains in/near balance 
and returns to its original course….
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The mechanism behind the waves
Gravity waves Rossby waves

• The bathymetry induces a z (or y) velocity to the flow, which 
reduces its buoyancy (or vorticity)

• If the perturbation is slow/weak, the flow remains in/near balance 
and returns to its original course….

• But if the perturbation is fast/strong ( ), it kicks of an 
oscillation in the lee of the obstacle…
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