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Two theoretical frameworks for horizontal wave propagation 
 
1) Interfacial wave theory 
 
1) Wave trapping theory (continuously stratified) 
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Frequency dispersion relationship (FDR): 
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Mountain waves are stationary waves: 
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Frequency dispersion relationship (FDR): Frequency dispersion relationship (FDR): 
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FDRs for stationary mountain waves 
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[Houze 2012 adapted from Durran 1986] 

2) Wave trapping theory (Scorer) 

Constraints: and 



“Unified wave theory” 

Klemp and Lilly (1975) and Vosper (2004) 
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If N2 = 0 s-1 

Unified wave theory 



Free interfacial waves 
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If N2 = 0 s-1 
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The case in exam:  Madeira, Desertas: 24th Dec 2013 

≈ 2.5 wave lengths per 10 km => λ ≈ 4 km 
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Unified wave theory 



If N2 = 0 s-1 
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Unified wave theory 
Free interfacial waves 
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If N2 = 0 s-1 
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Unified wave theory 
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Linear model solutions 
   Streamlines 



Unified wave theory 
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If k = N2/U 



Unified wave theory 
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Free surface waves 
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If k = N2/U 
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If k = N2/U 
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u’ [m/s] 
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k = N2/U 

Trapped leewave drag maximizes (Teixeira et. al. 2013) 



Summary 

1. Unified wave theory predicts wavelengths accurately 
 

2. Interfacial wave types can be isolated from unified wave theory 
 
 
 

3. Free interfacial waves: good approximation if inversion is strong 
 

4. Single layer solution:  
- occurs at the critical inversion strength 
- u’ confined underneath the interface 

 
Outlook: 
• Analysis of amplitudes 
• What is the most common wave trapping mechanism? climatology of leewaves 
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N2 = 0 s-1: Free interfacial wave 

k = N2/U: Free surface wave (entirely confined in the lower layer)  
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