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What to remember?

Intraseasonal variability

Sudden change of
 the wind

Propagation of oceanic waves 

Oceanic vertical 
structure?



Madden-Julian Oscillation

Tropical disturbances that propagate eastwards around 
the global tropics with a cycle on the order of 30-50 
days (5 m/s)

Strongest during DJF and during neutral ENSO years

On average there are three active MJO periods each 
year (Late fall, winter, and early spring)



Oceanic Component
Manifested by :

• SST 

• Surface latent-heat-flux

• Wind-stress fields 

Atmospheric component

Manifested by:

• The surface pressure
• Divergence and convergence regions (enhanced and 

 suppressed convection regions, OLR)





Westerly Wind Bursts

Present during the active phase of MJO

Synoptic-scale disturbances that occur near the equator. 
Associated with enhanced convection and cloudiness.

WWBs weaken the easterlies

Advection of the SST 

Stochastic pattern or not ??? (Federov 2002 vs. Seiki and 
Takayabu 2006)
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Oceanic Kelvin Waves 
Disturbances in the ocean, which require a boundary 
and for which rotation of the earth is important.

Nondispersive waves: both phase speed and group 
velocity are positive; the propagation is eastwards only.

If a boundary is provided, the wave disturbances cannot 
escape (they get trapped).

Trapped Kelvin waves move to the right (N.H.) and to 
the left (S.H.) looking outwards from the coast.

The amplitude of the wave is greatest at the boundary 
and decreases exponentially away from it.



Oceanic Kelvin are generated by changes of the 
overlying wind field (e.g. WWBs).  This gives rise to 
disturbances in the upper ocean, which move eastwards 
along the equatorial wave guide in the form of a double 
Kelvin wave, which, when it reaches the coast splits 
into two coastal Kelvin waves, each moving polewards.
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Schematic  figure

Rossby waves
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Propagation of  OKW

Feb 4 1997

Dec 24 1997 Sep 15 1997

May 27 1997

SSH



Satellite altimetry 



Oceanic Kelvin Waves
Weeks (from 1992/10/14 to 2009/07/22)

2°N 2°S



4°N 4°S

Kelvin waves
Weeks (from 1992/10/14 to 2009/07/22)



Rossby waves

20°N

Weeks (from 1992/10/14 to 2009/07/22)

?
0.1 m/s



Rossby waves

7-15°N

Weeks (from 1992/10/14 to 2009/07/22)



This dramatic ”switch” is thought to be possible because 
the upper ocean on the western side of the ocean ”feels” 
some effect of winds blowing in the central region, as being 
directly driven by local winds.

Changes of thermocline along with the propagation of the 
Kelvin wave.

SST and Thermocline advection to the east as forced by 
Kelvin waves.

Thermocline changes
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Figure  let us consider that there is a abnormal situation for the wind fields in the eastern part of the 

Pacific Ocean. This will generate an equatorial Kelvin wave that moves toward the coast of the South 
America. When reaching the coastline it will split up into two coastal Kelvin waves, the northern one 
moving northwards and the southern one moving southwards. It is generally argued that the El Niño 
starts with a initial disturbance in the western Pacific, and the signal propagates eastwards finally 
reaching the south American coast. 

'' '

'' '
Figure  The development of the temperature in the upper ocean during an El Niño event. 

Thermocline changes
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reaching the south American coast. 
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Figure  The development of the temperature in the upper ocean during an El Niño event. 

So far, so good!
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TAO data



Movie time!
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