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Outgoing Longwave Radiation

Convective activities were enhanced around 
Philippines and over eastern Maritime 
Continent, and suppressed over Indian Ocean. 
Enhanced convections were also observed 
over western Atlantic, Gulf of Mexico and 
eastern Pacific. Suppressed ones were 
observed over 10ºN-20ºN zone in Pacific. 

OLR-PH: +1.2 (-0.6) 
OLR-MC: +0.8 (+1.2) 
OLR-DL: -0.3 (-0.7) 

SAMOI_A: +0.7 (-1.0) 
SAMOI_N: +0.8 (+0.5) 
SAMOI_W: -1.7 (+0.2) 

OLR anomaly 

OLR (contours) and normalized OLR anomaly (shadings) 

Time series of OLR index (1998-) 

Tropical disturbances 
  Western Pacific: Typhoon 13, 14, 15th 

   



Velocity Potential

200-hPa 

850-hPa 

200-hPa velocity potential (contours) and 
normalized velocity potential anomaly (shadings) 

850-hPa velocity potential (contours) and 
normalized velocity potential anomaly (shadings) 

200-hPa 

850-hPa 

200-hPa velocity potential (contours) and velocity 
potential anomaly (shadings) 

850-hPa velocity potential (contours) and velocity 
potential anomaly (shadings) 

In the upper troposphere, center of large scale divergent region was located over 
Philippines and shifted westward from its normal position. Divergent region was also 
observed over eastern Pacific. 



Stream Function
200-hPa 

850-hPa 

200-hPa stream function (contours) and stream 
function anomaly (shadings) 

850-hPa stream function (contours) and stream 
function anomaly (shadings) 

U200-IN: -2.7 (-1.0) 
U200-CP: +0.9 (+0.5) 

U850-WP: -0.9 (-1.4) 
U850-CP: -0.9 (-0.7) 
U850-EP: +0.6 (+2.4) 

In the upper troposphere, remarkable anti-
cyclonic circulation anomalies were 
observed in northern hemisphere side over 
Indian Ocean. 

In the lower troposphere, Pacific 
subtropical high was stronger than its 
normal, especially remarkable over from 
the south from Japan to 150ºW. 

Time series of zonal wind index (1998-) 

Regression coefficients between OLR-PH and Psi200 
(Sep.) 

Regression coefficients between OLR-PH and Psi200 
(Sep.) 

200-hPa 

Regression coefficients between OLR-MC and Psi850 
(Sep.) 

850-hPa 



Sea Level Pressure and Southern Oscillation Index (SOI)

Sea level pressure anomalies (contours) and 10-m 
surface wind anomalies (vector) Sea level pressure (contours) and normalized sea level 

pressure anomalies (shadings) 

SOI: +1.2 (+1.1) 
Darwin: -0.4 (+0.3) hPa 
Tahiti: +1.8 (+2.0) hPa 

Time series of SOI, SLP anomaly (1998-) 



Madden-Julian Oscillation (MJO)

Hovmöller diagram of 200-hPa velocity potential 
anomalies (left), OLR anomalies (center) and 850-hPa 
zonal wind anomalies (right) (5ºS-5ºN averaged) 

MJO phase monitor 

1 Sep. 

30 Sep. In early and mid-September, active phase of MJO 
clearly propagated eastward from Indian Ocean to 
Maritime Continent and 200-hPa velocity potential 
anomalies indicated zonal wave number 1 pattern. 
The eastward propagation temporarily became 
obscure over western Pacific. 



Asian Summer Monsoon

Kinetic energy calculated by 850-hPa rotational 
wind (unit: m2/s2) 
The region for calculation is 10ºS-20ºN, 50ºE-120ºE. Thin red 
lines show daily value and thick red line shows 7-day running 
mean value. Shading indicates the standard deviation 1.0. 

Original by Masashi Ujiie (2006) 

From the second half of August to early September, Asian monsoon circulation in the lower troposphere 
was weaker than normal, and supply of water vapor to the Asian monsoon region was less than normal. 
Convective activities were suppressed from Bay of Bengal to South China Sea and east of Philippines. 

In mid-September, the monsoon circulation was strengthened associated with the passage of active phase 
of the MJO. Enhanced convective area moved northward in the Asian monsoon region, and convective 
activities were suppressed over Indian Ocean. 

The region for calculation of Kinetic energy 
(red line rectangular area) 

Latitude-time cross sections of OLR (shadings) and 
normal OLR (contours) 

India 

Philippines 

Sahel 

SE Asia 



Walker Circulation (5ºS-5ºN mean)
JCDAS CDAS1 
historical 

normal 

anomaly 

Relative humidity (shadings), divergent zonal wind (m/s) and vertical velocity ( 50*Pa/s) (vectors) 

historical 

normal 

anomaly 



Hadley Circulation
JCDAS 
historical 

normal 

TEM stream function ( 1010 kg/s, contours) and relative humidity (shadings) 

historical 

normal 

CDAS1 

anomaly anomaly 



Tropical Disturbances

Time-longitude cross section of 850-hPa relative 
vorticity anomaly (contours) and OLR anomaly 
(shadings) (17.5ºN-20ºN mean) 

Satellite image of water vapor at 00 UTC 

6 Sep. 

7 Sep. 

8 Sep. 

Typhoon 13th -20 Sep.) 

On 6 September, high potential vorticity moved 
southward from mid-latitude zone in the upper 
troposphere and activated convective activity 
there. The active convection propagated 
westward and developed into Typhoon 13th 

 

Q-map at 350 K (00 UTC 6 Sep.) 



Tropical Disturbances
Typhoon 14th -24 Sep.) 

Q-map at 330 K (00UTC) 

15 Sep. 

18 Sep. 

20 Sep. 

850-hPa stream function anomaly (contours), 
OLR anomaly (shadings) and wave activity flux 
(vectors) (18-22 Sep.) 

Vorticity, which moved westward in 15ºN-20ºN 
zone, developed into typhoon 14th 
Cyclonic circulation anomaly associated with the 
typhoon emanated quasi-stationary Rossby wave 
packets to the northeast and strengthened anti-
cyclonic anomaly over the south of Japan. 

Time-longitude cross section of 850-hPa stream 
function anomaly (10ºN-20ºN mean) 

HAGUPIT 

JANGMI 



Summary 

      In the first half of September, active phase of MJO propagated 
from Indian Ocean to Maritime Continent. Asian monsoon activity was 
activated by the passage of active phase of MJO. Active convection 
area moved northward over Asian monsoon region and convective 
activit ies were suppressed over equatorial  Indian Ocean.  

      In the equatorial lower troposphere, remarkable eastern wind 
anomalies were observed from western to central Pacific. 

      In the second half of September, the Active phase of MJO 
propagated from Maritime Continent to western Pacific, though its 
e a s t w a r d  p r o p a g a t i o n  b e c a m e  o b s c u r e  t e m p o r a r i l y. 





Rossby wave 
propagation 

intensified Ridge 
in late September  

Ridge developed in late 
September 

Rossby wave 
propagation from early 

to mid-September 

Monthly mean 300-hPa stream function, its anomalies and wave activity flux in Sep. 2008. 
Shadings show 300-hPa stream function anomalies. Contours show 300-hPa stream function at an interval of 
10x10e6(m^2/s^2).  

Blocking high 
developed in mid-

September 

Trough deepened in 
mid Sepetember 



Monthly mean sea level pressure and its 
anomalies in Sep. 2008. 
Shadings show sea level pressure anomalies. Contours show 
sea level pressure at an interval of 4-hPa.  

Monthly mean 500-hPa height and its anomalies      
in Sep. 2008. 
Shadings show 500-hPa height anomalies. Contours show 
500hPa height at an interval of 60-m.  

Zonally elongated 
high pressure 

system  

Low pressure 
system developed in 

late September 

Intensified by 
Rossby wave 

propagation in late 
September 

High pressure system 
developed in mid-

September 

Intensified by 
Rossby wave 
propagation 



Monthly mean 850-hPa temperature and its 
anomalies in Sep. 2008. 
Shadings show 850-hPa temperature anomalies. Contours show 
850-hPa temperature at an interval of 1ºC.  

Warm temperature associated with 
Rossby wave propagation in late 

September

 

Warm temperature 
associated with Rossby 

wave propagations 

 
Trough developed in the upper 

troposphere and high pressure system 
developed near surface accompanied by 

cold air mass  

Time-longitude cross section of sea level pressure 
anomaly (contours) and 2-m temperature anomaly 
(shadings) (along 45ºN). Contour interval is 3-hPa.   

Sea level pressure anomaly (contours) and 
2-m temperature anomaly (shadings) on 26 
Sep. 2008. Contour interval is 3-hPa.   





Climate system evolves in time 
- internal dynamics  
- external forcings 
     volcanic eruptions  
     solar variations 
     human-induced forcings 

38



solenodal + irroatational component  
(divergence-free)  (curl-free)                         . 

 

stream function 

Rotation 

Divergence 

- 
the stronger rotational wind 
is. 
- Rotational wind blows 

 

- The wind blows with 

side 

Rotational wind  

 

1u

2u



Velocity potential 

Rotation 

Divergence 

- Divergence wind blows at 
 

- 
stronger divergence wind is. 

Divergence wind  

smaller 

larger

1

2v
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Region for calculation 

Indicator of convective activities with Asian Monsoon 

SAMOI_A = normalized ((-1) OLR(W+E))  

SAMOI_N = normalized (normalized OLR(S) - normalized OLR(N))  

SAMOI_W = normalized (normalized OLR(E) - normalized OLR(W))  

SAMOI_A has a high correlation 
with summer northern Japan 
temperature. 



Index of MJO is based on a pair of empirical  
orthogonal functions (EOFs) of the combined fields of near-equatorially-averaged  
850 hPa zonal wind, 200 hPa zonal wind, and 200 hPa velocity potential data.  
The pair of PC time series that form the index the Real-time Multivariate MJO series 1 (RMM1), and 2 (RMM2).  
Removed the impact of ENSO with Nino.3 index.  

(mainly based on Wheeler and Hendon (2004) )  

 PHASE 1  

 PHASE 2  

 PHASE 3  

 PHASE 4  

 PHASE 5  

 PHASE 6  

 PHASE 7  

 PHASE 8  

OLR anomalies associated with MJO (winter time) 



For more detail, please refer to Takaya and Nakamura (2001, JAS)  


