1 DECEMBER 1993

XIE ET AL.

Evaporation-Wind Feedback and the Organizing of Tropical Convection
on the Planetary Scale. Part I: Quasi-Linear Instability

SHANG-PING XIE
Department of Geophysics, Tohoku University, Sendai, Japan

ATSUSHI KUBOKAWA

Department of Earth System Science and Technology, Kyushu University, Kasuga, Japan

KiMIO HANAWA
Department of Geophysics, Tohoku University, Sendai, Japan

(Manuscript received 5 February 1992, in final form 19 April 1993)

ABSTRACT

Recent GCM experiments have suggested the existence of a zonal wavenumber one convective mode in the
aqua-planet atmosphere. This paper reports that a planetary-scale mode can be generated in a very simple
reduced gravity model that is linear except for two nonlinearities in its cumulus parameterization: conditional
heating and wind speed-dependent surface evaporation. The behavior of the model solution is shown to be
independent of the perturbation amplitude so that a constant growth rate can be defined. This amplitude-
independent nonlinear system is here called the quasi-linear (QL) system.

An instability is found in a moist stable atmosphere at rest, which is stable in existing theories. A global
integral theorem confirms the existence of the QL instability. The instability has an equatorially trapped, zonal
wavenumber one structure, growing exponentially and propagating eastward at a speed close to that of the
neutral, linear moist Kelvin wave. A new type of evaporation-wind feedback (EWFB) is responsible for the
instability, which does not require the existence of mean easterlies and arises from an in-phase relation between
temperature perturbation and condensational heating directly due to surface evaporation. By performing cal-
culations in zonally periodic spherical triangles of various zonal sizes, an increasing relation between the growth
rate and the zonal size of the domain is found, which explains why the wavenumber one mode is selected.

The instability has several observed features of the Madden-Julian oscillations, including the slow eastward
propagation and wavenumber one structure. Its phase speed, growth rate, and spatial structure are insensitive

to model resolution, suggesting its relevance to the planetary-scale modes reported in aqua-planet GCMs.

1. Introduction

Latent heating in deep convection is the main energy
source of atmospheric motion in the tropics. Instead
of being homogeneous over regions of high SST (sea
surface temperature), tropical convection shows highly
organized order. On the planetary scale, they often
gather into a single cluster that has a zonal size of a
few thousand kilometers and propagates eastward
(Knutson and Weickmann 1987). The organization
of tropical convection on the planetary scale has long
been considered as the source of the tropical intrasea-
sonal oscillations (ISO) (Madden and Julian 1972).
This viewpoint is also supported by recent GCM (gen-
eral circulation model) experiments under realistic
(Lau and Lau 1986; Hayashi and Golder 1986, 1988)
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and idealized zonally symmetric aqua-planet ( Hayashi
and Sumi 1986; Swinbank et al. 1988; Lau et al. 1988;
Tokioka et al. 1988) conditions. Although these GCMs
have different physical parameterizations, different
vertical and horizontal resolutions, and different me-
soscale convection from model to model, zonal wave-
number one structures were found in the geopotential,
zonal wind velocity, and sometimes precipitation fields.
This suggests that a planetary-scale mode of tropical
convective motion exists.

Searching for this mode with simple theoretical
models has been attempted by many investigators.
Among the proposed theories is the wave-CISK (con-
ditional instability of the second kind) theory. In
coarse-resolution models, convection generated by the
wave—CISK has been shown to organize into a zonal
wavenumber one structure when conditional heating
is incorporated (Lau and Peng 1987; Hendon 1988,
among many others). On the other hand, the wave-
CISK is also known to increase its growth rate with the






