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ABSTRACT

Twenty years of rawinsonde data (1973-1992) were examined in conjunction with European Centre for
Medium-Range Weather Forecasts (ECMWF) analyses and outgoing longwave radiation (OLR) in 19801989
to determine the horizontal structure, propagation, and convective coupling of 3—6-day meridional wind oscil-
lations over the tropical Pacific. Wave properties from ECMWF data, determined by lag correlation with respect
to rawinsonde or ECMWF principal components, were consistent with what could be determined from the sparse
rawinsonde network alone. Gridded analyses allowed a clearer distinction between equatorially trapped Rossby—
gravity waves (RGW) and off-equatorial *‘tropical-depression’” (TD) disturbances, so that the contrasting prop-
erties of these waves, including their seasonal and interannual variation, could be studied in better detail. Sig-
nificant correlations with OLR were found, increasing in magnitude from eastern to western Pacific.

The apparent group propagation of disturbances was equatorward in the western Pacific, eastward across
the central and eastern Pacific, and upward—-downward out of the 150—300-mb layer. Vertical propagation
was evident primarily at higher frequencies, implying that only a fraction of the kinetic energy associated
with Rossby—gravity waves in the upper troposphere was involved either in convective coupling to the
lower troposphere or vertical momentum transport to the lower stratosphere. It is suggested that in addition
to convective and lateral forcings, Rossby—gravity waves are sometimes excited by energetic TD distur-
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bances in the western Pacific.

1. Introduction

The tropical troposphere contains a complex assort-
ment of meteorological phenomena ranging in horizon-
tal scale from cumulonimbus clouds and mesoscale
convective systems, to intraseasonal oscillations and
planetary-scale circulations. Of the various phenom-
ena, synoptic-scale disturbances (1500—10 000 km) ar-
guably are the most important because they organize
tropical convection and precipitation at shorter scales
and comprise the inner scale of planetary circulations.
Along the equator, superclusters lie within intrasea-
sonal oscillations (Nakazawa 1988; Mapes and Houze
1993). Tropical convergence zones are stormtracks
tracing the locus of deep convection within propagating
synoptic-scale waves (Hack et al. 1989; Hess et al.
1993).

Until the early 1980s, knowledge of synoptic-scale
phenomena was based on meteorological observations
from isolated upper-air stations and a few intensive ob-
serving campaigns. Although the major disturbance
characteristics were well described in certain regions
(Wallace 1971; Yanai 1975), a global perspective was
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impossible. Where available, station data were some-
times ambiguous and confusing.

Global analyses—based not only on rawinsonde ob-
servations but also satellite-derived temperatures and
cloud winds—now reveal the complexity of tropical
circulation in more detail. These data afford a better
description of horizontal structure and propagation than
possible with rawinsonde data alone (Zangvil and
Yanai 1980, 1981; Yanai and Lu 1983; Nitta et al.
1985; Nitta and Takayabu 1985; Liebmann and Hen-
don 1990). In the central and western tropical Pacific,
where many of the early rawinsonde studies were con-
centrated, synoptic-scale waves in the lower tropo-
sphere evidently may be classified as ‘‘equatorial
waves’’ situated symmetrically or antisymmetrically
about the equator (in accord with linear wave theory)
and off-equatorial tropical depression (TD) waves or
vortical structures akin to the familiar ‘‘easterly
waves’’ of early literature (Takayabu and Nitta 1993).
Both disturbances regulate, and are in turn influenced
by, deep tropical convection at least part of the time.
In the central Pacific, equatorial Rossby —gravity waves
maximize in northern autumn (Hendon and Liebmann
1991), while TD disturbances prevail farther west,
maximizing in northern summer (Takayabu and Nitta
1993). The annual variations are consistent with
changes in underlying sea surface temperature (SST)
if the waves are coupled to convection and derive en-






