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[1] Two subseasonal variability (SSV) modes over the
eastern Pacific (EPAC) have been identified based on
rainfall observations. The first SSV mode with a dominant
period of 40 days has been documented in detail in previous
studies. The second SSV mode associated with the EPAC
intertropical convergence zone (ITCZ) rainfall, to the best of
our knowledge, is documented for the first time, exhibiting
a prevailing period of 18 days (hereafter, a 20-d SSV mode).
This 20-d SSV mode is largely characterized by northward
propagation. While its strongest signals are present over the
EPAC, the impacts of this 20-d SSV mode are also discerned
over the North American Monsoon, the Gulf of Mexico, and
Caribbean Sea. Analysis of the low-frequency variability of
these two SSV modes shows that they are anti-correlated on
the interannual time scales. The physics responsible for the
origins of the two SSV modes over the EPAC are still elusive.
Citation: Jiang, X., and D. E. Waliser (2009), Two dominant
subseasonal variability modes of the eastern Pacific ITCZ,
Geophys. Res. Lett., 36, 1.04704, doi:10.1029/2008 GL036820.

1. Introduction

[2] As a dominant mode of tropical atmosphere, the
subseasonal variability (SSV) with a period of 30—50 days
(hereafter 40-d SSV mode) has been widely documented
and found to exert significant impacts on global climate/
weather systems [e.g., Lau and Waliser, 2005; Zhang,
2005]. This 40-d SSV mode is strongest in boreal winter,
when it largely exhibits an equatorially trapped eastward
propagation, and is commonly referred to as the Madden-
Julian Oscillation (MJO) [Madden and Julian, 1994].
During boreal summer, the 40-d SSV mode exhibits prom-
inent northward/northwestward movement over the Indian/
western Pacific Oceans [e.g., Yasunari, 1979; Hsu et al.,
2004]. This meridional propagation of the SSV is found to be
closely associated with active and break phases of Asian
monsoon rainfall [e.g., Sikka and Gadgil, 1980; Waliser,
2006].

[3] In addition to the 40-d SSV mode, a second dominant
SSV mode with a prevailing period of 10—30 days (hereafter
20-d mode) has also been identified over the Asian summer
monsoon sectors [e.g., Krishnamurti and Bhalme, 1976;
Chen and Chen, 1993]. In contrast to the significant merid-
ional migration associated with the boreal summer 40-d SSV
mode, the 20-d mode generally displays a westward propa-
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gation over these regions. Additionally, it has been illustrated
that convective activities over the western Pacific associated
with both 40-d and 20-d SSV modes can extend their remote
impacts all the way to the US continent/North American
Monsoon (NAM) via pronounced trans-Pacific Rossby
wave-trains [e.g., Kawamura et al., 1996; Jiang and Lau,
2008].

[4] Meanwhile, subseasonal variations of boreal summer
rainfall with two distinct time scales of 10—25 days and
25-60 days have also been illustrated over tropical and
subtropical western Africa and adjacent regions of the
Atlantic [e.g., Janicot and Sultan, 2001; Sultan et al., 2003;
Mounier and Janicot, 2004; Maloney and Shaman, 2008].
The lower frequency SSV over this region is significantly
correlated with global MJO activity [Maloney and Shaman,
2008]. While the high frequency SSV (~20-d mode) is
characterized by a westward propagating signal in the
convection over the Sahel latitudes [e.g., Sultan et al.,
2003; Mounier and Janicot, 2004]. In addition, an oscillatory
mode with a period of 22—-28 days associated with convec-
tion over South America has also been reported [e.g., Paegle
et al., 2000].

[5] In recent years, a similar 40-d SSV mode over the
eastern Pacific (EPAC) warm pool has also attracted exten-
sive interest, which is largely thought to be a local expression
of the global circumnavigating MJO [e.g., Maloney and
Esbensen, 2007; Jiang and Waliser, 2008]. In addition to
this 40-d SSV mode, to the best of our knowledge, the high
frequency SSV mode over the EPAC has not yet been well
documented. As illustrated by the analysis in this paper, a
second dominant subseasonal mode with a periodicity of
about 18 days is indeed detected in the rainfall field over
the EPAC intertropical convergence zone (ITCZ). In the
following sections, temporal/spatial variability patterns
associated with this high-frequency SSV mode are described
and the seasonal-to-interannual variations of the activity of
these two dominant SSV modes over the EPAC are also
examined.

2. Data and Approach

[6] As given by Jiang and Waliser [2008], local indices of
the SSVover the EPAC are obtained by an extended empirical
orthogonal function (EEOF) analysis of the TRMM (Tropical
Rainfall Measuring Mission, version 3B42) rainfall over
the EPAC (140°W-90°W; EQ-30°N). Before the EEOF
analysis, 3-day mean rainfall data (non-overlapping) from
January 1998 to December 2005 with horizontal resolution
of 2 x 2 degrees are calculated based on raw TRMM dataset
(0.5 x 0.5 degrees; daily), and are subject to band-pass time
filtering to retain the periods of 10—90 days. The EEOF is
conducted with 10 temporal lags of the 3-day mean data.
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Figure 1. (a) EOF spectrum of TRMM rainfall over the eastern Pacific (140°W—-90°W; EQ-30°N) in terms of the total
variance explained by each EOF mode. Error bars are determined based on the formula by North et al. [1982]. Time series
of temporal coefficients for the (b) EEOF; and (c) EEOF; modes.

In order to explore dynamic structures coupled with
subseasonal convection signals, QuikSCAT surface wind
(1 x 1 degrees; daily) during the period of 2000—2005 is
also employed and subject to the same time filtering and
3-day mean bin averaging procedures as used for the
TRMM rainfall.

3. Results
3.1. Two Dominant SSV Modes Over the EPAC

[7] Figure la illustrates variance explained by each
EEOF mode based on TRMM rainfall over the EPAC
domain, where error bars are determined based on the
formula by North et al. [1982]. 1t is readily seen that the first
two leading pairs of the EEOF stand out from remaining
EEOF modes and are also well separated from each other.
The first two leading EEOFs contribute about 8.1% of total
anomalous variances of band-pass filtered 3-day average
data. It has been documented that the first two leading
EEOFs are in quadrature to each other, and represent the
same SSV mode with a period of 40 days [see Jiang and
Waliser, 2008]. The principal components (PCs) of the
EEOF, are presented in Figure 1b. This 40-d SSV mode is
thought to be a local expression of the MJO signal over the

EPAC [cf. Maloney and Esbensen, 2007; Jiang and Waliser,
2008]. It is illustrated by Jiang and Waliser [2008] that this
40-d SSV mode over the EPAC is also characterized by a
similar northward propagation as its counterpart in the Asian
monsoon region. It is argued that a similar “easterly vertical
wind shear” mechanism, which has been proposed for the
meridional propagating SSV over the Indian Ocean [e.g.,
Jiang et al., 2004], could also be dictating the northward
propagation of the SSV over this region.

[8] Examination of spatial patterns and time series asso-
ciated with the second pair of EEOF modes also suggests
that the two modes are in quadrature to each other and
exhibit similar evolution features. In contrast to 40-day
period of first two leading EEOFs, both EEOF; and EEOF,
display dominant periods of about 18 days (hereafter a 20-d
SSV mode) based on spectral analysis of PC time series as
illustrated in Figure 1c for EEOF;. This second pair of
EEOFs explains about 5.1% of total variances. Comparison
between Figures 1b and 1c¢ suggests that both of the two SSV
modes are active during boreal summer, while damped in
winter. The interannual variability of both SSV modes can
also be discerned in Figures 1b and 1c. Particularly notable is
that rather weak variability of the 40-d mode in the summer
of 2003. In contrast, the 20-d mode tends to be particularly
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