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Power Spectra of Convective Variability

ÅCompute wave number frequency power spectra for OLR  (e.g. 
Wheeler & Kiladis, J. Atmos. Sci. 1999)

ÅBroadly a red spectra, but with clear preferred regions in frequency 
wavenumber space

Wheeler & Kiladis
J.Atmos. Sci, 1999 Fig1



Power Spectra of Convective Variability

ÅCompute wave number frequency power spectra for OLR  (e.g. 
Wheeler & Kiladis, J. Atmos. Sci. 1999)

ÅBroadly a red spectra, but with clear preferred regions in frequency 
wavenumber space

ÅRemove ñsmoothedò background spectra and plot ratio of full spectra 
to background spectra to identify ñspectralò peaks

Wheeler & Kiladis
J.Atmos. Sci, 1999 Fig 3



Dry Equatorial Waves

For the dry, frictionless, adiabatic, primitive equations linearized about a 
resting basic state we can derive solutions for equatorially trapped  
waves that whose horizontal structures are governed by the shallow 
water equations on a ɓ-plane
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Where, c, depends on the atmospheric static stability and the vertical 
wavenumber of the waves, such that c increases for deep waves or high 
static stability



Dry Equatorial Waves

Equatorially trapped wave solutions to these equations 
satisfy the dispersion relation
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Kiladis et al., Rev. of 
Geophys. 2009 Fig 2

Kelvin Waves

Inertia-Gravity Waves

Mixed Rossby-Gravity Waves

Rossby Waves



Horizontal Structures of Equatorial Waves

Yang et al. J.Atmos. Sci, 
2007, Fig 1



Convectively Coupled Equatorial Waves

ÅSpectral peaks fall along dispersion curves for equatorial waves, but 
with speeds which are too slow for dry theory

ÅConvection is a strong source of heating in the wave, and modifies 
both the wave speed and structures

Wheeler & Kiladis
J.Atmos. Sci, 1999 Fig 3



Moist Equatorial Waves

Consider the thermodynamic equation, 
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where ὔ is a measure of the dry static stability and ὗis the diabatic
heating

IF we make ὗproportional to the vertical motion
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The thermodynamic equation becomes 
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and we recover the dry system with reduced static stability and slower 
wave speeds

However convection isnôt as simple as that



Convectively Coupled Waves

Å Convective heating isnôt directly related to the vertical motion

Å Even if the amplitude of the heating is related to vertical velocity at a 
particular level,  the vertical profile of the heating doesnôt necessarily 
have the same structure as the vertical velocity which leads to 
coupling between vertical modes

Å Typically ‌is related to the moisture convergence which will depend 
on the background moisture field and hence ‌will not be constant 
within the wave (particularly in the meridional direction) 

Åe.g. Kang et al., J. Clim., 2013, argue that equatorially peaked 
moisture profiles favour Kelvin waves over Rossby waves 

Å Moisture convergence depends on both the vertical velocity profile 
and the vertical humidity profile

The complicated relationship between convection and the large-scale 
dynamics makes developing a complete theory for equatorial waves (and 
other tropical variability) very difficult



Variety of Equatorial Waves in Aquaplanet GCMs

Power Spectra from the APE Project 

ÅVariations in

ÅIntensity

ÅDominance of eastward of  westward 
moving  waves

ÅWith both

ÅModel

ÅSST profile

Highlights importance of both the 
basic state and model physics in 
determining the characterstics of 
waves

11Williamson et al. (J Meteor. Soc. Japan 2013)



The Madden Julian Oscillation

Wheeler & Kiladis
J.Atmos. Sci, 1999 Fig 3



The Madden -Julian Oscillation (MJO)

Å The MJO is the largest mode of subseasonal variability in 
the tropics 

Animation courtesy of Adrian Matthewshttp://envam1.env.uea.ac.uk/mjo.html  


