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･ To get coherent organized structures “instability” is essential

(1) Our strategy

To get coherent organized structures, instability  is essential, 
while “neutral waves” are only needed to make response patterns 
around forcing. However, tropical (large-scale) researchers tend to 
consider that “waves” are primary and “instability (=convection)” 
is secondary. However, ”CONVECTION” is PRIMARY and 
“ t i l ” dequatorial waves  are secondary.

・ Main doubts: “Is the coupling of instability and neutral waves, such 
i l l d K l i il bl ?”as convectively coupled Kelvin waves, available ?”

At least, NO in the linear theory. Then, what about nonlinear case?
>> (I want to conclude) NO !>> (I want to conclude) NO !

Assumptions (to get deep physical understanding as simply as possible)

・ Positive-only wave CISK is included to describe the isolated・ Positive only wave CISK is included to describe the isolated 
features of diabatic heating due to precipitation. 

・ Large horizontal viscosity/diffusivity is included to attain preferred g y y p
disturbances of a horizontal scale O(1,000 km). These large-scale 
disturbances are needed for the equatorial beta effect to work.



Super cloud clusters (SCCs)

(2) Observations

Super cloud clusters (SCCs)
* horizontal scale: O (1,000 km)
* time scale: O (10 days)( y )

SCCs; fundamental components 
of MJO with horizontal scale of

Nakazawa 1988

of MJO with horizontal scale of 
O (10,000 km), and MJO may be 
an envelope of SCC-ensembles

Wheeler ･ Kiladis 
1999



NICAM aquaplanet simulation

Numerical results (2)’ Numerical results

NICAM aquaplanet simulation

Nasuno et al. 2007

In O(1000km) scale of SCCs,
( )

Nasuno et al. 2008
・O(100km) mesoscale convective system 

(MCS),
・O(10km) scale cumulonimbus cloud Structure of SCC mode
→ Multi-scale (hierarchical) structures of 

cloud systems

Structure of SCC mode
･ a pair of off-equatorial gyre
⇒ Gill pattern



NICAM aquaplanet simulation
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