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ABSTRACT

Tropical boundary-layer flows interact with the free tropospheric circulation and underlying sea surface tem-
perature, playing a critical role in coupling collective effects of cumulus heating with equatorial dynamics. In
this paper a unificd theoretical framework is developed in which convective interaction with large-scale circu-
1ation includes three mechanisms: convection—wave convergence (CWC) feedback, evaporation—~wind (EW)
feedback, and convection—frictional convergence (CFC) feedback. We examine the dynamic instability resulting
from the convective interaction with circulation, in particular the role of CFC feedback mechanism.

CFC fecdback results in an unstable mode that has distinctive characteristics from those occurring from CWC
feedback or EW feedback in the absence of mean flow. The instability generated by CFC feedback is of low
frequency with a typical growth rate on an order of 107 s ™. The unstable mode is a multiscale wave packet;
a global-scale circulation couples with a large-scale (several thousand kilometers) convective complex. The
complex is organized by boundary-layer convergence and may consist of a few synoptic-scale precipitation cells.
The heating released in the complex in turn couples the moist Kelvin wave and the Rossby wave with the gravest
meridional structure, forming a dispersive system. The energy propagates slower than the individual cells within
the wave packet. A transient boundary layer is shown to favor planetary-scale instability due to the frictionally
created phase shift between the maximum vertical motion and the heating associated with boundary-layer con-
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vergence.

The implications of the theory to the basic dynamics of tropical intraseasonal oscillation are discussed.

1. Introduction

Madden and Julian’s (1972) pioneering work sug-
gested that the 40-50 day oscillation in the tropics is
a result of eastward movement of large-scale cells ori-
ented in the tropospheric equatorial plane. The early
investigators of the oscillation, however, were hindered
by the sparsity of observations. In the last ten years,
satellite observations [e.g., outgoing longwave radia-
tion (OLR)] and improved general circulation model
(GCM) products have made available additional infor-
mation concerning the nature of the oscillation (e.g.,
Lorenc 1984; Weickmann et al. 1985; Krishnamurti et
al. 1985; Lau and Chan 1985, 1986; Murakami and
Nakazawa 1985; Knutson and Weickmann 1987). Nu-
merical simulations with various versions of GCMs
have confirmed that the model’s counterpart of the os-
cillation is indeed associated with eastward-migratory
planetary-scale circulation systems (Lau and Lau 1986;
Hayashi and Sumi 1986; Hayashi and Golder 1986,
1988; Swinbank et al. 1988; Lau et al. 1988). Recent
analyses of pentad-mean anomaly maps of OLR and
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ECMWF (European Centre for Medium-Range Fore-
casts) tropospheric winds have made it possible to ob-
jectively identify individual low-frequency convection
and circulation anomalies and to document their de-
velopment, movement, and dynamic structure (Wang
and Rui 1990a; Weickmann and Khalsa 1990; Rui and
Wang 1990). These low-frequency anomalies will be
called tropical intraseasonal systems (TIS). The char-
acteristic frequency of TIS is on an order of 10657,
which is in between synoptic-scale (10~° s™!) and an-
nual (1077 s 1) variations.

A fundamental theoretical problem has been the ex-
planation of the origin and evolution of TIS. It is be-
lieved that condensational heating associated with deep
convection is a primary energy source for the devel-
opment and maintenance of these long-lasting plane-
tary-scale systems (Krishnamurti et al. 1985; Mura-
kami and Nakazawa 1985; Wang 1988). Extratropical
forcing or Rossby wave penetration from midlatitude
to the tropics may possibly serve as triggering mecha-
nisms (Murakami 1988; Hsu et al. 1990).

A key element of the theoretical modeling of TIS
deals with the interaction between convective heating
and large-scale circulation. Various hypotheses con-
cerning the circulation-dependent convective heating
have been advanced and tested in terms of prototype
linear models. One of the earliest hypotheses follows






