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Abstract 
The equatorial atmospheric variability shows a spectrum of significant 
peaks in the wave number-frequency domain. While most of these peaks 
have been identified with the equatorially trapped wave modes of rotating 
shallow water wave theory, The Madden-Julian Oscillation (MJO) appears 
as a very strong signal at zonal wave numbers 1--7 and periods of 30--100 
days.  

It has been suggested that the MJO is instead a "moisture mode" where the 
humidity is the driving field of the dynamics.  

In order to investigate this hypothesis, we will present a Moist Static Energy 
budget and for the MJO-like signal in Super Parameterized CAM (SP-CAM) 
on an aquaplanet, in a fashion very similar to Maloney 09. 
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MJO-like signals 

Figure 2 – (Left and Center) Normalized Outgoing Long-wave Radiation 
spectra. The spectrum is averaged over the region 15oS to 15oN and is 

calculated for the approximately eight model years used in this study. The 
spectra is calculated in the style of Wheeler and Kiladis 1999. 

(Right) Zonal Mean MJO filtered OLR variance 

Figure 1 – Model Climatology: a) Proscribed SST distribution; b) Observed 
zonal- and time-mean precipitation distribution; c) Zonal- and Time-mean 

temperature; d) Zonal- and Time-mean zonal wind (positive indicating westerly) 
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Conclusions, Future Directions 

Figure 3 – Model fields regressed against the MJO filtered model OLR (at the 
point of greatest variance (9.8S, 291E), averaged within 5 degrees north and 
south of the reference latitude. The MJO like signal observed has features in 

common with the real MJO. 
Figure 4 – Simulated <h>, <h>t and the budget residual, regressed against the 

MJO filtered OLR at the latitude of greatest variance, averaged over all 
reference longitudes. Coastlines represented for scale only. 

Figure 5 – Dominant “MJO” MSE budget terms.  

Top: Latent heat flux – with moistening ahead of the convection and drying 
behind, the latent heat flux in our model appears to contribute to the eastward 
propagation of the MJO like signal. 
Second: Vertical advection – Also heating ahead and cooling behind and 
collocated with the convection, vertical advection appears to both contribute to 
the eastwards propagation of the “MJO” and to reduce the instability. 
Third: Long-wave heating – the anomalous heating in the convective region 
caused by the reduced OLR for the high cloud is the dominant source 
reinforcing the MSE anomaly for the “MJO” observed. 
Bottom: Horizontal advection – by acting as a source of MSE to poleward of 
the convection and a sink on the equatorial side, the horizontal advection of 
MSE appears to drive the poleward propagating signal observed. 

MSE is defined as: 
        h =cp T+z+Lvq   (1) 

where T is temperature, cp is the specific heat at constant pressure, z is the 
height, g is the gravitational acceleration, Lv is the latent heat of vaporization 
(at 0oC) and q is the specific humidity.  
MSE is constructed to be conserved under phase changes between the liquid 
and vapor phase of water. As a consequence, the column integral of h is 
conserved in moist adiabatic motions except for the small conversions between 
kinetic and thermal energy that may occur, and for ice processes (e.g. Peters et 
al 2008). 

The vertically integrated MSE budget can be written as: 

<h>t + <ωhp> + <v.grad(h)> - LH –SH - <LW> -<SW> = 0  (2) 

Where <x> is the vertical integral of x, p is the pressure, v is the horizontal 
velocity, ω is the vertical (pressure) velocity, LH is the latent heat flux into the 
atmosphere at the surface, SH is the sensible heat flux, LW is the long-wave 
heating, and SW is the short-wave heating (e.g. Neelin and Held 1987).  
We have calculated the time tendency of <h> between output times (every two 
hours) and compare this to the sum of the other terms, allowing us to find a 
residual. 

While we make no claims that the signal observed in our simulations is 
representative of the real MJO, studying the MSE budget of this oscillation is a 
useful first step in developing a picture of the sources of energy driving the real 
MJO. 
We are currently extending the analysis to decompose the advection fields into 
zonal, meridional, eddy, and mean flow parts. 
We are also working on calculating the MSE budget in models with a more 
realistic MJO. 
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