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Abstract One of the most prominent features of the intraseasonal oscillation (ISO) is its complicated propagation. To investi-
gate the characteristics of the ISO propagation and the influences of different propagating components of the ISO, we here pro-
pose a further developed space-time spectral analysis method, the space-time wave propagating decomposition (STWPD) based
on the wave theory. The analyses using both ideal functions and reanalysis data confirm the validity and practicability of the
STWPD. The result shows that any space-time series can be decomposed into three components with different propagating di-
rections: the progressive, retrogressive and standing waves, respectively. It is shown from the combined empirical orthogonal
function (CEOF) analyses of the eastward, westward and standing components of the outgoing longwave radiation (OLR) and
the zonal winds at 850 hPa and 200 hPa that: (1) the eastward component of the ISO exhibits the eastward propagation of the
zonal wave number 1 and, the zonal winds at the upper and lower troposphere have a baroclinic structure and are out of phase;
(2) the westward component of the ISO displays the westward propagation of the wave numbers 2 — 3; and (3) the standing
component shows a feature of antiphase in the Indian Ocean to the Pacific Ocean. The analyses of the different components of
the tropical ISO in this study may deepen our understanding of the ISO propagation and have significant meanings for construc-
ting the physical model of the ISO and predicting it. Different from the previous methods, the STWPD provides us with a new
tool and visual angle to investigate the ISO by analyzing its different propagation components.

Key words Space-time wave propagating decomposition (STWPD), Intraseasonal oscillation (ISO), Combined empirical or-
thogonal function (CEOF)
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Fig.1 Time-space cross section of

the unidirectionally propagating time-
space series/function f(x,2), which is

constructed by the ideal function
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propagating time-space series f(x,t),

which is constructed by the ideal function
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Fig.3 As in Fig. 1 but for the bidirectionally
propagating time-space series F, (x,2).
(a) the eastward propagating component f,(x,t),
(b) the westward propagating
component f;(x,t) and (¢) Fi(x,t)
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Fig. 4 As in Fig. 2 but for the time-space series F; (x,1).
The eastward (a) and westward (b) propagating
components derived through the Space-Time Wave
Propagating Decomposition (STWPD) ;
(¢) the time-space series combined by (a) and (b)
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Fig.5 As in Fig. 1 but for the three directionally propagating time — space series Fy (x,1).

(a) the stationary wave component f3(x,1);

(b) the eastward propagating component f,(x,¢),

(¢) the westward propagating component f;(x,2), and (d) Fy(x,t)
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Fig.6 As in Fig. 2 but for the time-space series F, (x,2). (a) the stationary wave component;
(b) the eastward propagating component; (c) the westward propagating component;
(d) the space-time series combined by (a), (b) and (c¢)
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Fig. 7 The first (a) and second (b) combined EOF
(CEOF) modes of the 30 — 60 d filtered OLR, and

the 850 and 200 hPa zonal winds averaged over
15°S—15°N, as well as the lead-lag correlation
coefficients between them (c)
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Fig. 8 As in Fig. 7 but for the eastward ((a), (b) and (c))

and westward ((d), (e) and (f)) propagating components
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components for the OLR from June 2000 to June 2001 (unit; W/m?*)
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Cay —du)

2
L _ 1,
Ck.+w51n€0k.+w = ? — by +cu)
Cr—ncOS@p—, = %

C/s.—wSin%.—w = ?(bk/ + cu)
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[m/2]

Fo = 2 La coski + ¢y sinki ]

0
[m/2][n/2]

F = 1 2 2[(61/»1 + dy)cos(ki —wj) + (— by + i) sin(ki — wj) ]
k=

[m/2]0n/2]

F, = —Z D[ Caw — du)cos(ki 4+ wj) + by + cu)sinChi + wj) ]

k=0 (=1
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