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ABSTRACT

This paper examines whether or not low-level moisture convergence and surface latent heat flux act as forcing
mechanisms of the Madden and Julian oscillation (MJO), as it is proposed by the theories of wave—CISK
(conditional instability of the second kind) and evaporation—~wind feedback. The mean brightness temperature
of cloudy pixels at 11 pm, obtained from five years of International Satellite Cloud Climatology Project data,
is used as a proxy for tropical convective activity. Five years of European Centre for Medium-Range Weather
Forecasts analyses are used to estimate surface latent heat fluxes and moisture divergence integrated in the low
levels of the troposphere.

Spectral analysis of latent heat fluxes over the Indian and Pacific Oceans shows significant spectral peaks in
the frequency band of the MJO. These peaks are due mainly to the oscillation in the surface wind speed rather
than in the specific humidity difference. Principal component analysis and lagged correlation patterns of filtered
time series 20—70 days are used to investigate the relationships between anomalies in convection, surface latent
heat fluxes, and low-level moisture divergence. The correlation patterns show that negative anomalies of latent
heat fluxes are systematically observed to the east, whereas positive anomalies are observed to the west of the
region of convection. Positive anomalies of surface latent heat flux lag time variations in convection by about
4 days. This result contrasts with the basic requirement of the evaporation—wind feedback theory, which claims
that evaporation anomalies are positive on the eastern side of the convective region. In contrast, Jag correlation
patterns indicate that the region of maximum low-level moisture convergence is located to the east of the region
of convection, and low-level moisture convergence leads time variations in convective activity by about 2 days.

This observational result supports the frictional wave—CISK theory as a mechanism of the MJO.

1. Introduction

Along with the El Nifio—Southern Oscillation phe-
nomenon, the Madden and Julian oscillation (MJO) is
one of the primary modes of low-frequency variability
in the tropical atmosphere. The oscillation is mainly
confined to a band between 20°S and 20°N and prop-
agates eastward across all longitudes with phase speeds
on the order of 5-10 m s~'. Its horizontal structure is
dominated by wavenumbers one and two in the zonal
direction, and its anomalous vertical structure is baro-
clinic. Interaction between anomalies in convective ac-
tivity and the large-scale circulation is strongest in the
eastern Indian and western Pacific Oceans where the
oscillation reaches its maximum amplitudes [see Mad-
den and Julian (1971, 1972, 1994) for reviews on the
observational aspects, and Hayashi and Golder (1993)
for a review of theories on the MJO].
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Air—sea interactions on timescales of the MJO have
been observed in several observational studies (Mad-
den and Julian 1994). Kawamura (1988, 1991), for
example, has noted large intraseasonal variability in sea
surface temperatures in the western Pacific Ocean and
concluded that positive anomalies of SST are located
to the east of the region of positive anomalies in con-
vective activity. Significant variations in latent and sen-
sible heat fluxes over the oceans on timescales of the
MIO have been reported by Krishnamurti et al. (1988)
and Gueremy (1990). Similarly, Zhang and McPhaden
(1994) have noted intraseasonal variations in latent
heat fluxes obtained from moored buoy data from the
Tropical Ocean Global Atmosphere program. Their re-
sults indicate that wind speed variations are dominant
in controlling intraseasonal variations in latent heat
fluxes over the western and central Pacific Ocean.

Although the observational description of the MJO
has progressed steadily throughout the years, the de-
velopment of theories on the MJO has faced difficulties
in properly explaining the slow eastward propagation
and large-scale zonal structure of the oscillation. Based
on the observational evidence that the interaction be-
tween convective activity and large-scale circulation is






