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ISO ?   Variability on timescales of 20-100 days, timescale between the typical 
weather (up to 15 days) and climate (from a season and beyond). 
The importance of the tropical ISO to bridge weather and climate has been 
increasingly recognized. 
 
Distinctions among different terminologies to describe tropical atmospheric 
variability on the intraseasonal timescales, 
It is of little doubt that there are two dominant components. 
One is eastward propagating component, which commonly referred to as the 
MJO, the other is a northward propagating component associated with the 
Asian summer monsoon, BSISO. 
 
 
Ref. Chidong Zhang 



The first documentation of the tropical 
intraseasonal oscillation based on 
modern instrumental data was given 
by Madden and Julian in their 
pioneering studies (Madden and Julian 
1971, 1972) and hence the MJO. 
 
Their observations were based on 
atmospheric rawinsonde data of about 
10 years collected from a broad 
tropical Indian and Pacific region. 
 
Their observation of the gross 
structure and evolutionary behavior of 
the tropical intraseasonal oscillation 
still serves as the classic, text-book 
standard description of this 
phenomenon.  

Madden & Julian, 1972 

Ref. Chidong Zhang, Waliser et al. 



Ref.  Waliser et al. 

1987/88  

Subsequent observations up to date using more 
advanced technology have only added details to 
theirs. 
 
Observations of the ISO have experienced two 
major advancements. 
One is the use of global data such as satellite data, 
have allowed us to gain a global view of the 
phenomenon. 
The second is the use of oceanic observations, 
which have allowed us to appreciate the air-sea 
interaction nature of the ISO. 
 



MJO 

Madden -Julian Oscillation   

(a.k.a. Intraseasonal, 40 -50, 30 -60 Day Oscillation)  

Å Intraseasonal Time Scale: ~40-60 days 
Å Planetary-Scale: Zonal Wavenumbers 1-3 
Å Baroclinic Wind Structure 
Å Convection Has Multi -Scale Structure 
Å Eastward Propagation  
VE. Hem: ~5 m/s, Surf.+Conv.+Circ. Interactions 
VW. Hem: ~ > 10 m/s, ~Free Tropospheric Wave 

Å Tendency to be Equatorially Trapped 
Å Strong Seasonal Dependence:                 
V NH Winter: Eastward Propagation  
V NH Summer: ~Northeast Propagation 

Å Significant Interannual Variability  
Å Significant Remote and Extra-Tropical Impacts 

Ref.  Waliser et al. 



MJO 

 OLR Spectra 
Winter vs. 
Summer 

 
In summer the 
power is more 
Concentrated, 

and it occurs at 
a higher frequency 
than during winter  

OLR 

OLR 
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MJO 

Ref.  Waliser 

Roughly  

Wavenumbers   1 -3  

Periods 30 -70 Days  
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MJO 

Ref.  Wheeler 

Convectively Coupled Equatorial Waves 

Kelvin  

Rossby  

MJO  

Kelvin Waves  

Rossby Waves  

MJOs 







Ref.  Kikuchi et al. 



Ref.  Kikuchi et al. 



Ref.  Kikuchi et al. 



Ref.  Kikuchi et al. 





In the Pacific, interannual variability in zonal wind variance of the MJO is more 
prominent in the lower than upper troposphere [Gutzler, 1991]. During a warm 
event of ENSO , as the eastern edge of the warm pool extends eastward [Picaut et 
al., 1996], so does MJO activity 

Ref.  Waliser et al. 
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Predominant low-frequency modes in the tropical atmosphere  



El Nino    La Nina 
(a) OLR     (a) OLR   

(b) Streamfunction(850hPa)  (b) Streamfunction(850hPa) 

Intraseasonal Variance during ENSO 



Fig: Composite anomalies of (a)(b) SF300 (contours) and winds and (c)(d) SF850 (contours)and winds during El Niño (left panel) and La Niña years (right 

panel) at Phase3 (when the convection is enhanced over Indian ocean). OLR and precipitable water during ENSO are shaded in (a)~(b) and (c)~(d), 

respectively. In (c) and (d) and the red (blue) thick contours denote the 850 hPa temperature anomalies above (below) 0.5 (-0.5) ºC.  

For OLR 

For Precipitable water 

(c) Phase 3 (850hPa)                           (d) Phase 3 (850hPa)    

El Nino            La Nina 
(a) Phase 3 (300hPa)                            (b) Phase 3 (300hPa)    

ENSO regulation of MJO teleconnection 



ENSO regulation of MJO teleconnection 



Fig: Composite anomalies of (a)(b) SF300 (contours) and winds and (c)(d) SF850 (contours)and winds during El Niño (left panel) and La Niña years (right 

panel) at Phase 7 (when the convection is enhanced over western Pacific). OLR and precipitable water during ENSO are shaded in (a)~(b) and (c)~(d), 

respectively. In (c) and (d) and the red (blue) thick contours denote the 850 hPa temperature anomalies above (below) 0.5 (-0.5) ºC.  

For OLR 

For Precipitable water 

(c) Phase 7 (850hPa)                           (d) Phase 7 (850hPa)    

El Nino            La Nina 
(a) Phase 7 (300hPa)                            (b) Phase 7 (300hPa)    

ENSO regulation of MJO teleconnection 



ENSO regulation of MJO teleconnection 



Longer -Term Variability of MJO/ISO  

Å Trend 

Å Inter-decadal 
Å Regime Shift 

Å Artifact  

MODERN SATELITE ERA 

Slingo et al. 1999  

Ref.  Waliser et al. 





Onsets &  

Breaks of  

The  

Asian &  

Australian  

Summer  

Monsoon  

Ref.  Waliser et al. 



Indian Monsoon Onset  

& Heavy  Rainfall  

3      4     5  

IM onset  

Ref.  Lau and Kim 



NH summer monsoon ISO  

Ref.  Moon et al. 

ISM      WNPSM                  NASM  

In the NH summer, there are three large convective intraseasonal 
variability centers along the 10-20ºN latitude bands over the 
Indian summer monsoon, Western North Pacific summer 
monsoon, and North American summer monsoon domains 



Ref.  Moon et al. 

BSISO teleconnections associated with 
three monsoon ISO centers show 
 
preferred teleconnection centers over 
the NH continents: Europe, Russia, 
central  Asia, East Asia, western US, 
and eastern US & Canada, embedded 
in the waveguide along the jet stream.  
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Ref.  Moon et al. 

The intraseasonal 
precipitation 
anomalies over 
the Asian and 
American 
continents evolve 
in phase with the 
BSISO evolution  



Ref.  Moon et al. 

The surface air temperature 
anomaies highly correspond to the 
evolution of the BSISO 
teleconnection,  
 
providing a source of intraseasonal 
predictability to extratropical 
regions. 



Amplitude of two ISO modes: Dec2009-Aug 2011 

MJO 

BSISO 

 E. US snowstorms  

Typhoon  
EAM flooding  

July event  



2009/10 snowstorms over eastern US 



MJO Modulation on 2009/10 Winter  
Snowstorms in the United States 
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Ref.  Moon et al. 




















