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Madden-Julian Oscillation

 Precipitation

Source:NOAA

● Eastward propagating at 
4-8 m/s

● 30-60 day oscillation
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Madden-Julian Oscillation

 Impacts of the MJO:
● North Atlantic weather regimes
● North Atlantic weather forecasts
● Tropical cyclones
● Tornado outbreaks
● North American west coast winter precipitation
● North American east coast cold air outbreaks
● ...
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Madden-Julian Oscillation

 

Ahn et al. 2017

MJO in CMIP5 climate
models

Precipitation: Colors
850hPa U-Wind: Contours

The MJO is the “Holy Grail”
of climate research
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Normal Mode Decomposition

 

Based on earlier work by Kasahara in the 1970s.
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Normal Mode Decomposition

 Linearized primitive equations:
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Normal Mode Decomposition

 Separation into vertical and horizontal
structure functions:
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Normal Mode Decomposition

 

Horizontal Structure equations
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Normal Mode Decomposition

 
H is eigenfunction of L

Hough harmonic functions
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Normal Mode Decomposition

 
Advantage of this approach:
● Mass and wind felds are in balance
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Normal Mode Decomposition

 
Solving

leads to two dispersion relationships
● frst kind: west- and eastward Inertio-Grravity waves

● inertial terms dominate Coriolis terms 
● unbalanced fow
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Normal Mode Decomposition

 
Solving

leads to two dispersion relationships
● second kind: westward Rossby-Haurwitz waves

● Coriolis terms dominate
● balanced fow
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Equatorial Waves
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Kelvin Wave

 

● Non-dispersive
● Balances Coriolis forces against a wave-guide
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Equatorial Rossby Wave

 



 17

Inertio-Grravity Wave

 

Grravity waves which are affected by Coriolis force
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Climatology

 



 19

Climatology
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MJO: Rossby Flow
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MJO: Inertio-Grravity Flow
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MJO

 

  

Total                Balanced                UnbalancedPhase 1

Phase 5

Contours correspond to the zonal winds every 0.5 m/s (blue for negative and red for positive 
speeds) and shades to the geopotential height (in meters). 
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MJO:  Extra-Tropics

 Rossby Flow
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MJO:  Extra-Tropics

 

Inertio-Grravity
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Summary

 

● New tool to decompose fow felds into Rossby 
and Inertio-Grravity components

● Major IGr MJO component is the Kelvin mode
● Rossby fow is more dominant for MJO

● Rossby components 93% of kinetic energy
● IGr components: 7% of kinetic energy

●  IGr fow propagates also into the extra-tropics
Reference:
Franzke, C., D. Jelic, S. Lee and S. Feldstein, 2018: Systematic 
Decomposition of the MJO and its Northern Hemispheric Extra-
Tropical Response into Rossby and Inertio-Grravity Components. 
Q. J. Roy. Meteorol. Soc., submitted.
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