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[1] Previous studies suggest that easterly vertical shear
of summer mean flow could be a key factor in the
northward propagation of the subseasonal variability
(SSV) over the Asian monsoon region (e.g., Jiang et al.,
2004). Analysis indicates that this same mechanism may
also be dictating propagation features over the eastern
Pacific (EPAC). Consistent with the presence of local
easterly vertical wind shear, northward propagation of the
SSV is also evident over the EPAC with a phase speed of
about 0.6 deg day '. Moreover, similar to its counterpart in
the Indian Ocean, the northward propagating SSV over this
region is also characterized by positive anomalies of
equivalent barotropic vorticity and lower-tropospheric
specific humidity, and planetary boundary layer (PBL)
convergence, to the north of the convection center. Thus,
the present study provides another independent example
of the essential role that easterly vertical wind shear may
be playing in regulating the meridional migration of
the SSV. Citation: Jiang, X., and D. E. Waliser (2008),
Northward propagation of the subseasonal variability over the
eastern Pacific warm pool, Geophys. Res. Lett., 35, 109814,
doi:10.1029/2008 GL033723.

1. Introduction

[2] The significant role of the subseasonal variability
(SSV) for tropical climate has been widely acknowledged
[e.g., Lau and Waliser, 2005; Zhang, 2005]. In addition to
an eastward propagating component (i.e., Madden-Julian
Oscillation (MJO)) [Madden and Julian, 1994], which is
strongest in boreal winter, SSV with a period of 30—50 days
is characterized by prominent northward/north—westward
movement over the Indian/western Pacific Oceans during
boreal summer [e.g., Yasunari, 1979; Hsu and Weng, 2001].
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; Lawrence
and Webster, 2002], and thus has received significant
attention over recent decades. However, current weather/
climate simulation and forecast models still struggle to
properly represent this form of variability [e.g., Sperber et
al., 2000; Waliser et al., 2003]. Having a better understand-
ing of this northward propagating subseasonal mode would
greatly benefit a wide-range of forecasting applications
[Goswami, 2005].

[3] A number of theories have been advanced in inter-
preting this northward propagating SSV. Webster [1983]
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emphasized the important role of land surface heat flux into
the planetary boundary layer (PBL) to destabilize the
atmosphere north of the convection. Wang and Xie [1997]
and Lawrence and Webster [2002] suggested that the
northward propagation of the SSV is due to Rossby wave
emanation from the eastward propagating equatorial Kelvin-
Rossby wave packet. Kemball-Cook and Wang [2001] and
Fu et al. [2003], on the other hand, proposed that air-sea
interaction could be another factor for this northward
propagation mode.

[4] Recently, based on analyses of both an atmospheric
general circulation model simulation and observations,
Jiang et al. [2004] identified marked meridional asymme-
tries in the vorticity and specific humidity fields associated
with the northward propagating SSV over the Indian Ocean.
A positive vorticity perturbation with an equivalent baro-
tropic structure and maximum specific humidity are found
to be located to the north of the convection center by a few
degrees. By these findings, they proposed an ‘‘easterly
vertical wind shear” mechanism in which the easterly
vertical shear of the zonal mean flow over the Asia
monsoon region (Figure 1a) could be fundamental for the
northward propagation. This mechanism has also been
affirmed by numerical simulations based on an intermediate
model [Drbohlav and Wang, 2005, 2007].

[s] The key process associated with this mechanism is
illustrated by the following equation of the barotropic
component of vorticity ((), which is based on a simplified
2-D version of an intermediate model on a (-plane (the
zonal variations of variables are neglected; for details please
refer to Wang [2005]),

a, (0w
Wf—ﬁw—Ur(ay) (1)

where (3 is the meridional variation of Coriolis parameter; v
is the barotropic component of meridional wind, and w is
the p-level vertical velocity. U denotes the constant vertical
shear of the basic zonal flow, which is defined as the
difference in zonal mean wind between upper- and lower-
levels. This equation indicates that in the presence of vertical
easterly shear (U; < 0), positive (negative) barotropic
vorticity anomalies are generated to the north (south) of the
convection center due to the northward decrease (increase) of
upward vertical motion associated with the subseasonal
convection. The induced positive barotropic vorticity in the
free atmosphere further causes a moisture convergence in the
PBL due to Ekman pumping, which creates conditions that
favor northward movement of enhanced rainfall. Since the
Coriolis effect is involved with the Ekman pumping process,
this mechanism will only be valid away from the equator and
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Figure 1. (a) Vertical shear of climatological summer mean (JJAS) zonal wind (200 hPa minus 850 hPa; unit: m s~ ')

based on reanalysis-2 data set over the 1982—-2005 period.

(b) Meridional profiles (average over 120W—100W) of the

vertical shear of the summer mean zonal wind (black curves with shading donating the easterly vertical shear; lower axis)

and summer mean (JJAS) SST based on NOAA OISST v2

more effective with the increase of the Coriolis parameters
[Jiang et al., 2004].

[6] It is intriguing to note that in Figure 1a, in addition to a
vast area of the Asian monsoon region, the easterly vertical
shear of the summer mean flow is also evident over a small
region of the eastern Pacific (EPAC). Meanwhile, the SSV of
convection and winds with a period of about 40 days over the
EPAC warm pool during boreal summer has been widely
documented [e.g., Knutson and Weickmann, 1987; Maloney
and Hartmann, 2000; Maloney and Esbensen, 2007]. These
observations raise the following questions, if the easterly
vertical wind shear is indeed essential for the northward
propagation of the SSV, is northward propagation of the SSV
evident over the EPAC? Moreover, is there similarity in the
underlying thermodynamic and dynamic structures of the
northward propagating SSV between this region and its
counterpart in the Asian monsoon sector? The analysis in
this paper seeks to address these two questions with the
intention of providing an independent test of the “easterly
vertical wind shear” mechanism.

2. Data and Approach

[7] A local index of the SSVover the EPAC is obtained by
an extended empirical orthogonal function [EEOF] analysis
of the TRMM (Tropical Rainfall Measuring Mission, version
3B42) rainfall over the EPAC warm pool (140°W—-90°W;
EQ-30°N). Before the EEOF analysis, 3-day mean rainfall
data from January 1998 to December 2005 with horizontal
resolution of 2 x 2 degrees are calculated based on the raw
TRMM data set (0.5 x 0.5 degrees; daily), and are subject to

(1981-2006; blue curve; upper axis).

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. In order to explore the dynamic and
thermodynamic structures associated with the meridional
propagating SSV over the EPAC, three-dimensional daily
u, v, temperature, and relative humidity are employed
based on the NCAR-DOE Reanalysis-2 [Kanamitsu et al.,
2002] for the same period. Specific humidity is calculated
based on the Clausius-Clapeyron equation by using
temperature and relative humidity. To further substantiate
the evidence obtained based on the reanalysis data set,
shorter periods of QuikSCAT surface wind (2000—2005) and
specific humidity by the Atmospheric Infrared Sounder
(AIRS) [Fetzer et al., 2006; Tian et al., 2006] (2003—2005)
are employed. All these variables are also subject to the same
time filtering and 3-day mean bin averaging procedures as
used for the TRMM rainfall.

3. Results

[8] The spatial pattern of EEOF; based on the TRMM
rainfall and its associated time series are displayed in
Figure 2. The EEOF, mode is in quadrature with the
EEOF;, and exhibits the same propagation behavior as the
EEOF, mode. This first pair of EEOFs explains 8.1% of
the total anomalous variance of 3-day average data and is
well separated from other EEOFs based on North’s criterion
[North et al., 1982] (figure not shown). Both of them
display a dominant period of 40 days based on spectral
analysis of the time series. This 40-day mode is more active
during boreal summer than winter (Figure 2a), which could
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