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Fig. 1 The time-mean growth rate of the leading tropical 
bred vector for a 92-day period with rescaling factors of 
0.1%, 0.33%, 1%, 3.3%, 10%, and 14.5% of the clima-
tological RMS variance of the 200-hPa velocity potential 
(see text). Solid circles (cross) indicate the time mean 
growth rate of tropical (extratropical) bred vectors. Each 
error bar is estimated from the standard deviation of the 
time-mean growth rate for a 30-day period. 
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Fig. 2 Snapshots of (a, b) 200-hPa and (c, d) 850-hPa velocity potential fields of tropical bred vectors on 26 November 2003. 
The left (right) plots show tropical bred vectors with rescaling factor of 3.3% (0.33%) of the climatological RMS variance of 
the 200-hPa velocity potential. Amplitudes of these bred vectors are normalized. Positive (negative) values indicate conver-
gence (divergence). The contour intervals for the top (bottom) plots are 3×105 m2 s-1 (1×105 m2 s-1).
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Fig. 3 Hovmöller diagrams of 200-hPa velocity potential (color) and OLR ( 210 Wm-2) (white contour) averaged over the 

10S–10N region for (a) the observed field, (b) the bred vector for a rescaling factor of 3.3%, and (c) the bred vector for a 
rescaling factor of 0.33%. Amplitudes of these bred vectors are normalized. The white contour interval is 20 W m s-2. Dotted 
line in Fig. 3b indicates a phase line with speed of 30 m s-1.

Fig. 4 The space-time spectrum of the 200-hPa velocity potential of the tropical bred vector averaged over the 10S–10N re-
gion. The spectral power is smoothed with a 1-3-5-3-1 filter in frequency. The horizontal and vertical axes are zonal wave 
number and frequency (cycle per day), respectively. Positive (negative) zonal wave numbers indicate eastward (westward) 
propagation.
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Fig. 5 Hovmöller diagrams of total precipitation of the bred vector for the 1 day forecast (color) and 200-hPa velocity poten-
tial (left) and OLR ( 210 Wm-2) (right) averaged over the 10S–10N region for (a, b) the bred vector for a rescaling factor of 
3.3% and for (c, d) the bred vector for a rescaling factor of 0.33%. 
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Predictability of Intraseasonal Oscillation in the Tropical Atmosphere (2) 
- Dynamical Characteristics of Initial Perturbation - 

Yoshimitsu CHIKAMOTO, Hiroshi TANIGUCHI, Hitoshi MUKOUGAWA,  
Takuji KUBOTA*, Hitoshi SATO**, Shuhei MAEDA** and Akira ITO**

* Department of Aerospace Engineering, Osaka Prefecture University 
** Japan Meteorological Agency 

Synopsis 
The stability property of the tropical intraseasonal oscillation (ISO) during 1 November 2003 to 31 January 

2004 is examined using tropical bred vectors obtained from the operational numerical weather forecast system of 
the Japan Meteorological Agency. The tropical bred vectors are produced by a modified operational breeding 
cycle in which the perturbation is damped over the extratropics and rescaled by 3.3% of the climatological vari-
ance of the 200-hPa velocity potential in the tropics. At least two growing tropical bred vectors that have similar 
spatial structure to the observed dry Kelvin waves are obtained: dominant zonal wave number 1 components 
propagating eastward with phase speed of 30 m s-1. The time-mean growth rate of the fastest growing tropical 
bred vector has a positive value of 0.1 day-1. Although this growth rate is smaller than that of extratropical baro-
clinic instability, this result suggests that the tropical ISO is unstable to infinitesimal perturbations. 

Keywords: predictability, intraseasonal oscillation, ensemble forecast, BGM
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