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Fig. 1 The time-mean growth rate of the leading tropical
bred vector (1stBV) for each MJO activity; active: >1 o,
inactive: <-1 o . Horizontal and vertical axes are evalua-
tion period (day) and time-mean growth rate (1/day). Red

and blue circles indicate the time-mean growth rate for

the periods of active MJO and inactive MJO, respectively.

Error bar shows 95% confidence interval estimated by

random-sampling method.
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Fig. 2 The leading eigenvectors 1 (top, EOF1) and 2 (bottom, EOF2) of principal components of ¥200 with 30-90 day
filtered for the period from April 1, 1996 to February 28, 2006 by JRA-25/JCDAS data. EOF1 and EOF2 accounted
for 40.5% and 34.0%, respectively. Blue and red end of the spectrum indicate the region of divergence and conver-

gence of velocity field, respectively. The contour intervals are 5.0 x 10> m? s,
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Fig. 3 The time-mean growth rate of 1stBV for each MJO phase in active phase. Horizontal and vertical axes are
evaluation period (day) and time-mean growth rate (1/day). Red and black circles indicate the time-mean growth rate
for positive score phase and negative score phase of principal components of velocity potential anomalies of 200-hPa
(Fig. 2), respectively. Error bar shows 95% confidence interval estimated by random-sampling method. (a) For abso-
lute value of EOF1 (Fig. 2, top) score (PC1) > 1O case, (b) for absolute value of EOF2 (Fig. 2, bottom) score (PC2)

> 1O case.
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Fig. 4 The leading eigenvectors 1 (top, EOF1) and 2 (bottom, EOF2) of principal components of 1stBV anomalies
from April 1, 1996 to February 28, 2006. EOF1 and EOF2 accounted for 15.6 % and 11.3 %, respectively. A shaded

area indicates the region of divergence of velocity field. The contour intervals are 5.0 x 10% m? s™".
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Fig. 5 Same as Fig. 4, but for MJO active phase case. EOF1 and EOF2 accounted for 15.8 % and 12.5 %, respectively.
Blue and red end of the spectrum indicate the region of divergence and convergence of velocity field, respectively.

The contour intervals are 5.0 x 10* m? s\,
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Fig. 6 Same as Fig. 5, but for MJO inactive phase case. EOF1 and EOF2 accounted for 16.8 % and 11.8 %, respec-

tively. The contour intervals are 5.0 x 10* m? s,
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Fig. 7 Hovmoller diagram of 4200 of 1stBV averaged over the 10S-10N region, growth rate of 1stBV, score of EOF1,
score of EOF2 (black: 1stBV, blue: JRA-25), and hovmoller diagram of 4200 anomalies of JRA-25 averaged over the
10S-10N region from the left, respectively. (a) Apr 12, 2002-July 26, 2002 for the case of active MJO phase, (b) Jan 8,
2000-May 31, 2000 for the case of inactive MJO phase. The contour intervals of left (right) hovmoller diagrams are

4.0 x 10°m? s (4.0 x 10° m? s™"). A shaded area indicates the region of divergence of velocity field.
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Fig. 8 Hovmoller diagram of 200 of 1stBV averaged over the 10S-10N region, growth rate of 1stBV, hovmoller dia-
gram of total precipitation of the bred vector averaged over the 10S-10N region, and hovmoller diagram of NOAA
OLR (=240 Wm™) averaged over the 10S-10N region from the left, respectively. (a) Apr 12, 2002-July 26, 2002 for
the case of active MJO phase, (b) Jan 8, 2000-May 31, 2000 for the case of inactive MJO phase. The contour intervals
of x200 BV are 4.0 x 10° m* s”'. A shaded area of x200 BV indicates the region of divergence of velocity field.
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Fig. 9 Composite figures of horizontal structures of 1stBV and basic state (JRA-25) of 200 by each score peak of
leading mode (EOF1, EOF2) in 4200 of JRA-25. Background ¥200 (basic state) of “PC1+”, 1stBV of “PC1+” phase,
basic state of “PC1-”, 1stBV of “PC1-" phase, basic state of “PC2+” phase, 1stBV of “PC2+” phase, basic state of
“PC2-” phase, 1stBV of “PC2-" phase in order from top figure. Blue and red end of the spectrum indicate the region

of divergence and convergence of velocity field, respectively. The contour intervals are 1.9 x 10° m? 57! (basic state)
and 9.4 x 10° m” s™" (1stBVs).

— 394 —



3.5

WIIER (1p) DR RO FHIKAFEL Fig. 10 1
T, REMoBEHO/KREREY, LFEROES
(5~10 A) 4= (11~4 A) T/H¥EL, Fig. 1 LAk
LT, MAEmHIEECTEYEE RO, Z Ok
B, IHEEHORERITIEEROE R L N TAE
WAHBILNSL D, &0 BEHIIRTFEENTFLET D
ZEBH LM/ o7 (Fig. 10), ZOEREBES -
W, ZFEVEICHIMER (1p) © LRS00 & FEZE/ =
N7 MR EAT o 1o, FORES, ISBIEMIC M
L7z 3.3 fioa & Rk, 9IEE o 1L
RS T ORI ER HBE L TV, Z &
Dotz (Fig. 11) . £z, YIHHESOREZEZH 2
7 MV (Fig. 12)%2HB5 &, LZEOYHMESEIT 8 B
N5 30 AREO B CHERE R T 52— R E
WLTWk, —F, EFEOE— NI 12 B2 530 H
FREECHIERZ [ L, 4L W CHERFEE O
INEVERRIOE— RRLEEND &V )RR
o,

WE LEPHEMER 2 F—2 2 HWT, K7
BET Y TATHVAT ALY EMMICHE
DB ZMER L, BN IRE) O TR E) AR
PR & B R RG5O Tl Al et & O BIfRIC D
WTHARTz, E2, PIMEEORMEREROFEHKTEME
WOWTHlAE L, PR RGO T8 rTRe Mk
DEFURAEMIC DN T b7,

AKERTHONYPEBOREERIL, SHIHE
YT 0.1 (/day) 7oz, ZOZ LiX, HBoniH)
R E 23 BRI D R KIEBR 55 125k L ORI AR %L
ETHDHZEETRBLTED, CO7T DR L LS
BThHD, Fio, PIHHEEEIEKHEBZ2EL 1 oK
EREE AR D, B CR KUE BR 5 O T FTRE M REAT
WO L 72 T E B ER ST Dd Z & bR LT,

(@) _

CHIZOO 1p (SUMMERTIME)

30N

(b)

g\ewz . SUMMERTIME -
Lo doft{ bR
HHHHHmwwmf
%Gm_ WINTERTIME

forecast day

Fig. 10 Seasonal dependence of time-mean growth rate of
1stBV. Horizontal and vertical axes are evaluation period
(day) and time-mean growth rate (1/day). Red and blue
circles indicate the time-mean growth rate for the boreal
summer (May — October) and boreal winter (November —
April), respectively. Error bar shows 95% confidence

interval estimated by random-sampling method.
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Fig. 11 Same as Fig. 4, but for (a) the boreal summer case (May — October) and (b) the boreal winter case (November
— April). EOF1 and EOF2 accounted for 16.9 % and 10.7 % in (a) and for 15.2 % and 12.8 % in (b), respectively.

Blue and red end of the spectrum indicate the region of divergence and convergence of velocity field, respectively.

The contour intervals are 5.0 x 10* m? s,
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Fig. 12 The space-time spectrum of 200 of the tropical bred vector averaged over the 10S-10N region. (a) The boreal

summer case (May — Oct) and (b) the boreal winter case (Nov — Apr). The spectral power is calculated in the section

of 102 days and is smoothed with a 1-3-5-3-1 filter in frequency and with daily moving averaged in each season case.

The horizontal and vertical axes are zonal wave number and frequency (cycle per day), respectively. Positive (nega-

tive) zonal wave numbers indicate eastward (westward) propagation. The contour intervals of spectrum > 50 are 10.0.
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Dependence of the Predictability of the Tropical Intraseasonal Oscillation on its Activity
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Synopsis
The predictability of the tropical intraseasonal oscillation (MJO) is examined by using a new BGM
method for the operational 1-month ensemble prediction system of the Japan Meteorological Agency. The
growth rate of the first bred vector (1stBV) is almost independent of the amplitude of the MJO while the
growth rate of 1stBV becomes significantly smaller when the active convective region associated with the

MJO resides over the Indian Ocean and the western Pacific. The growth rate of 1stBV for the boreal summer
is significantly larger than that for the boreal winter; zonal wavenumber 1 components propagating eastward
dominate the 1stBV during the boreal winter while in the boreal summer standing wave components become

distinct in the horizontal structure of the perturbation.

Keywords: predictability, tropical intraseasonal oscillation, ensemble forecast, BGM
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