














Climatological normals of atmospheric circulation and convection (July) 
Contours: 200-hPa (left) and 850-hPa (right) stream function (JRA/JCDAS) 
Shading: outgoing longwave radiation (OLR), observed by NOAA satellites 
Base period for normal: 1981  2010  
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Climatological normals of atmospheric circulation and convection (July) 
Left: Sea level pressure (contour), 850-hPa temperature (shading) and 925-hPa wind vectors 
Right: 925-hPa water vapor flux (vector) and its divergence/convergence (shading) 
Base period for normal: 1981  2010  
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Climatological normals of atmospheric circulation and convection (December) 
Contours: 200-hPa (left) and 850-hPa (right) stream function (JRA/JCDAS) 
Shading: OLR (observed by NOAA satellites) 
Base period for normal: 1981  2010  
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Climatological normals of atmospheric circulation and convection (December) 
Left: Sea level pressure (contour), 850-hPa temperature (shading) and 925-hPa wind vectors 
Right: 925-hPa water vapor flux (vector) and its divergence/convergence (shading) 
Base period for normal: 1981  2010  
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Madden-Julian Oscillation (MJO)
 In 1971, Madden and Julian first documented an equatorial 

intrasoasonal oscillation propagating eastward, using modern 
observations. Therefore, this is called Madden-Julian 
Oscillation (MJO). 

 MJO is one of major phenomena in the tropical atmosphere, 
influencing on not only tropical but also extratropical weather 
and climate. 

 MJO is a very important phenomenon in medium and 
extended range forecasting. 

 However, it is difficult to simulate and predict MJO accurately, 

mechanism of MJO, especially its generation and persistence. 



Characteristics of MJO
MJO 
 propagates eastward along the 

equator with periods of 30  60 days, 

 is a large-scale coupled pattern 
between deep convection and 
atmospheric circulation,  

 is more active in boreal winter than 
in boreal summer, 

 has a clearer signal in convection 
over the Indian Ocean and the 
western Pacific than other regions. 

Schematic of MJO 
time increasing downward 
(Madden and Julian 1972) 



Dynamical structure of MJO

Schematic depiction of large-scale wind structure of MJO (Indian Ocean) 
The cloud symbol indicates the convective center. Arrows represent anomalous winds at 850 

cyclonic circulation centers, respectively. (Rui and Wang 1990) 

 MJO has characteristics of both the equatorial Kelvin wave and the 
equatorial Rossby wave. 
 The 3D-structure of MJO resembles atmospheric circulation anomalies 

responding to convective heating (Matsuno-Gill model) 



Longitude-time cross sections of 200-hPa velocity potential anomaly (left), outgoing 
longwave radiation (OLR) anomaly (center) and 850-hPa zonal wind anomaly 
(right), which are 7-day running mean values and averaged around the equator 
(5S-5N), from December 2010 to May 2011.  

Analysis of MJO 
It is easy to discern MJO using observations, without any 
advanced techniques, when MJO is active. 

200-hPa velocity potential anomaly OLR anomaly 850-hPa zonal wind anomaly 



MJO Index
Wheeler and Hendon 2004 defined MJO indices based on 
the EOF of OLR, U200 and U850 in which seasonal, 
interannual and ENSO variations are subtracted in advance. 

http://ds.data.jma.go.jp/tcc/tcc/products/clisys/mjo/monitor.html 

http://ds.data.jma.go.jp/tcc/tcc/products/clisys/mjo/monitor.html


JJA DJF 

MJO in boreal summer and austral summer
In boreal summer, northward propagation is seen over the Indian Ocean and 
western Pacific. In austral summer, eastward propagation is dominant. 



Boreal summer intraseasonal oscillation (BSISO) 
 Approximately, half of the northward propagations are associated with the 

equatorial eastward propagation (MJO), and the other are independent. 
 Monsoon onset and break are closely related to MJO. 

Five-day mean 200-hPa stream function and OLR 

Latitude-time cross section of 
seven-day running mean OLR 
averaged 80-100 degree E 
(around Indian sub-continent) 

18-22 May, 2011 

23-27 May, 2011 

28 May-1 June, 2011 

2-6 June, 2011 



Life cycle of BSISO

BSISO convection life cycle 
(Kemball-Cook and Wang 2001) 

May  June 

August  October 

Climatological condition in May  June (top) and 
August  October (bottom) 
In left  panels, contours indicate vertical shear of zonal 
wind (U200  U850), and shading shows surface 
temperature. In right panels, shading shows specific 
humidity at 1000 hPa (Kemball-Cook and Wang 2001) 

May  June 

August  October 

There are differences in the characteristics of BSISO between early and 
late boreal summer, due to the differences in climatological conditions. 



http://juice.cpd.naps.kishou.go.jp/gmd/cpd/data/fruit_wwwroot/MATERIALS/mjo2/index.html 
(This is experimental products and available only on a JMA internal website) 

Impacts of MJO
850hPa stream function 

Convective activity (OLR)  

http://juice.cpd.naps.kishou.go.jp/gmd/cpd/data/fruit_wwwroot/MATERIALS/mjo2/index.html




ENSO, quasi-periodical and ocean-atmosphere interactive 
phenomenon, occurs with approximately five-year intervals. 

It has broad, significant impacts on world climate. 

SST anomaly (Nov. 1997) 

Climate in El Niño (Jun.   Aug.) 

http://ds.data.jma.go.jp/tcc/tcc/products/climate/ENSO/index.htm 

http://ds.data.jma.go.jp/tcc/tcc/products/climate/ENSO/index.htm


Outlook of the SST deviation for NINO.3  
Red line with closed circle: observed SST deviation. 
Yellow boxes: range of predicted SST deviation with 70% probability. 

It is more likely than not that La Niña conditions will develop 
during boreal autumn and winter. 



Red: above normal   Blue: below normal 
Large filled circle: statistical confidence level is 95 % or above. 
Small filled circle: statistical confidence level is above 90 % and below 95 %. 
Non filled circle: statistical confidence level is below 90 %. 



Green: above normal   Brown: below normal 
Large filled circle: statistical confidence level is 95 % or above. 
Small filled circle: statistical confidence level is above 90 % and below 95 %. 
Non filled circle: statistical confidence level is below 90 %. 



Sea surface temperature (SST) anomaly (degree C) 
La Niña years (Dec.) : 1988, 1995, 1998, 1999, 2005, 2007, 2010 
Climatological normal: 1981  2010 average 

below normal                   above normal 



Outgoing longwave radiation (OLR) anomaly (W/m2) 
La Niña years (Dec.) : 1988, 1995, 1998, 1999, 2005, 2007, 2010 
Climatological normal: 1981  2010 average 

enhanced                               suppressed 

Enhanced 
convection 

Suppressed 
convection 



850-hPa wind anomaly (vector) and  stream function (contour) and 
anomaly (shading) (unit: x106m2/s) 
La Niña years (Dec.) : 1988, 1995, 1998, 1999, 2005, 2007, 2010 
Climatological normal: 1981  2010 average 

N.H. (S.H.):   cyclonic (anti-cyclonic)       anti-cyclonic (cyclonic) 
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Cold surge 



925-hPa air temperature anomaly (unit: degree C) 
La Niña years (Dec.) : 1988, 1995, 1998, 1999, 2005, 2007, 2010 
Climatological normal: 1981  2010 average 

 below normal       above normal 

Below-normal 
temperature 





200-hPa velocity potential 
anomaly 

OLR anomaly 850-hPa zonal wind 
anomaly 

Longitude-time cross sections of 200-hPa velocity potential anomaly 
(left), outgoing longwave radiation (OLR) anomaly (center) and 850-hPa 
zonal wind anomaly (right), which are 7-day running mean values and 
averaged around the equator (5S-5N). 
(from May to October 2011)  

MJO Index 
(phase & space) 

In October, a large-amplitude MJO propagated from northern 
South America to the Indian Ocean, and was stuck in phase 
over the Indian Ocean late the month.  

Oct. 

Indian Ocean 



http://juice.cpd.naps.kishou.go.jp/gmd/cpd/data/fruit_wwwroot/anim/anim_asia.html 
(This is experimental products and available only on a JMA internal website) 

Five-day averaged 
850hPa stream function 
and OLR anomaly 

http://juice.cpd.naps.kishou.go.jp/gmd/cpd/data/fruit_wwwroot/anim/anim_asia.html


SST anomaly 

OLR anomaly 
(convective activity) 

below normal                  above normal 

enhanced                               suppressed 

La Niña-like conditions and above-normal over the Indian Ocean.       

degree C 

W/m2 



SST anomaly 
(October 2011) 

below normal                  above normal 

La Niña composite 
(October) 

1984, 1985, 1988, 1995, 
1998, 1999, 2005, 2007, 
2010 



enhanced                               suppressed 

OLR anomaly 
(October 2011) 

La Niña composite 
(October) 

1984, 1985, 1988, 1995, 
1998, 1999, 2005, 2007, 
2010 



enhanced                               suppressed 

OLR anomaly 
(October 2011) 

IOBW+ composite 
(October) 

1982, 1987, 1988, 1997, 
2001, 2002, 2009 



In October, a large-amplitude MJO propagated from northern 
South America to the Indian Ocean.  

Associated with the MJO and above-normal SST over the 
Indian Ocean, convective activity was enhanced over the 
western Indian Ocean and suppressed over the Maritime 
Continent and the western Pacific, which is similar to the 
characteristics in past above-normal IOBW SST years. 

In upcoming season, it is likely that the IOBW SST will be near 
normal and is more likely than not that La Nina conditions will 
develop. 

Considering this outlook, the current anomaly pattern in 
convective activity temporarily shows that in IOBW+ years and 
possibly will return to that in La Nina years. 







 
TCC routinely updates various kinds of monitoring products 
on world climate and climate system. 

Please see the following slides for more information on 
monitoring products. 


















