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ABSTRACT

Ultralong Rossby waves (low zonal and meridional wavenumbers on the sphere) have been studied for many
years. Extensive observational evidence tends to identify these waves with the gravest normal modes of the
atmosphere. Due to dissipative processes, these disturbances have to be generated by some forcing mechanism,
even though they have phase speeds consistent with free oscillations. In this paper, we consider a mechanism
for the excitation of these waves based on temporal changes of the zonal wind in the tropics, in the presence of
orography and stationary thermal forcing. The waves are excited as a consequence of the adjustment of the
quasi-stationary component to the new background configuration.

A barotropic calculation is carried out in order to test the mechanism in a minimal model resolving ultralong
Rossby waves, namely, the shallow-water equations over the sphere, including topographic and thermal forcing.
Even in this simplified model, the predominance of the 16-day wave is suggested. Our results indicate that
thermal forcing may be more important than orography, but the limitations of the model do not allow one to
assess the relative contributions in the atmosphere with any meaningful accuracy.

The proposed mechanism is quite general and may be tested in more sophisticated models, including effects
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such as baroclinicity and a more realistic representation of forcing and dissipation.

1. Introduction

Since the original work of Rossby et al. (1939) many
papers have been both theoretically and observationally
devoted to the study of large-scale atmospheric distur-
bances. A review of the subject is presented by Madden
(1979) and Salby (1984a). Among these disturbances,
ultralong planetary-scale waves have been extensively
reported and identified as normal modes of a model
atmosphere. Even though the modeling of these normal
modes has been considered in many works (Kasahara,
1980; Salby, 1981a,b; among others), the mechanism
of excitation of these waves has not been addressed in
great detail. In this paper, we consider a possible mech-
anism for the causation and maintenance of these
waves. According to our proposed mechanism, the
temporal changes of the zonal wind (mainly in tropics)
excite transient disturbances with scales and amplitudes
characteristic of the observed waves.

In this work, we will be concerned mostly with the
westward-propagating ultralong Rossby waves, namely,
those disturbances with zonal wavenumber less than 4
and with a meridional wavenumber less than 4 on the
sphere. Following Daley and Williamson (1985), we
will refer to the observed mode by its approximated
period, e.g., 5-day wave, 16-day wave, etc., and to the

theoretically derived mode by the symbol H,, where
s/l is the zonal/meridional wavenumber (e.g., s = 1, 2,
3, ce;l=1,2,34-4).

The gravest modes of the atmosphere are relatively

robust and may be captured even by the simplified
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model of an isothermal atmosphere linearized about a
state of rest. In such a model, the equations decouple
into a vertical structure equation, and a horizontal
structure equation which is formally similar to the La-
place Tidal Equations (LTE). The vertical structure
equation for an unbounded atmosphere has only one
solution, the so-called Lamb’s wave (Lamb, 1932),
whose amplitude increases with height and has no ver-
tical phase tilt. The solutions of the horizontal structure
equation are the Hough functions (Hough, 1898),
which consist of eastward and westward gravity modes
and the Rossby (rotational) manifold. The introduction
of realistic basic state and dissipation does not alter
these results in a substantial way. In particular, the
meridional Hough mode structure, as well as the ex-
ternal barotropic structure, remain approximately valid
throughout the troposphere (Bretherton, 1969; Salby,
1981a,b.) The main modifications are: 1) realistic mean
winds reduce the frequency of the Rossby modes, es-
pecially for higher meridional wavenumbers; 2) the
variation of the mean winds with time causes the modes
1o have a band of frequencies rather than a single dis-
crete frequency. At least in the troposphere, the modes
considered here do not have critical lines (where the
phase speed is equal to the zonal wind) and are con-
sequently stable.

On the observational side, many studies (reviewed
in Madden, 1979 and Salby, 1984a) have provided
strong evidence for the existence of external normal
modes in the atmosphere. Two kinds of data analysis
have been presented in the literature, which will be






