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The Madden-Julian Oscillation 

and Nonlinear Moisture Modes 
The moisture mode in a simplified quasi-equilibrium 

tropical circulation model (QTCM; Neelin and Zeng 2000) 

is analyzed for both linear and nonlinear regimes.  

In the linear regime, the weak temperature gradient 

(WTG) approximation of Sobel et al. (2001) naturally 

emerges as the asymptotic small-scale limit of the 

moisture mode. The mode is unstable if forcings such as 

cloud radiative forcing and downdraft-enhanced 

evaporation exceed moist static energy export.   

The nonlinear regime can be described by a Gill (1980) 

model plus a prognostic humidity equation. 

The second baroclinic mode and a boundary layer 

seems to be necessary for an MJO-like disturbance. 

Full 

simulation

Gill model 

+ prognostic 

humidity

Nonlinear advection 

(without WISHE)

Nonlinear WISHE 

(without advection)
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— Radiative-convective 

equilibrium is 

unstable to the 

moisture mode

— Gustiness 

(Redelsperger 

et al. 2000) leads 

to nonlinear saturation
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MJO as a moisture mode? (Yu and Neelin 1994; Sobel et 

al. 2001; Fuchs and Raymond 2002; Bony and Emanuel 2005;

Bretherton et al. 2005)


