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ABSTRACT 

For finite equivalent depth, the shallow-water equations (SWE) exhibit instabilities based on 
dyad interactions. This process is called self-interaction. In the present paper, we investigate how 
the stationary states of a low-order spectral model based on the SWE on the sphere are affected 
by self-interaction. This is done by computing the bifurcation diagram for increasing strength of 
the forcing in one of the vorticity components. The instabilities occurring in this low-order 
system are topographic instability and self-interaction. Self-interaction generates saddle-node as 
well as Hopf bifurcations, resulting in multiple steady-states and limit cycles. For large values of 
the forcing, self-interaction significantly affects the steady-state curve originating from 
topographic instability. Extrapolating these results to the real atmosphere, self-interaction may 
influence the atmosphere's nonlinear behavior. 

1. Introduction 

In Haarsma and Opsteegh (1988), the stability 
properties of the shallow-water equations (SWE) 
were investigated. In that paper, we demonstrated 
the existence of an instability mechanism, called 
self-interaction, which originates from dyad inter­
actions. For infinite equivalent depth (He -+ (0), in 
which case the SWE reduce to the barotropic 
vorticity equation (BVE), this instability process 
vanishes. 

In their pioneering study Charney and DeVore 
(1979) demonstrated the existence of multiple 
steady states due to saddle-node bifurcations 
in a low-order model containing topographic 
instability only. Since then, many studies have 
been devoted to the analysis of nonlinear low­
order models in which various types of instability 
occur. Topographic instability was combined with 
either baroclinic instability (Charney and Straus, 
1980; Reinhold and Pierrehumbert, 1982) or 
barotropic instability (Legras and Ghil, 1985; 
Kallen, 1981). 

In this paper, we combine topographic 
instability with self-interaction. We are interested 
in the following two questions: what type of bifur-

cations occur in a model with self-interaction 
only and what is the effect of self-interaction on 
the bifurcation diagram that originates from 
topographic instability? The latter question is 
inspired by studies of Reinhold and Pierrehumbert 
(1982) and others, who showed that the bifurca­
tion diagram due to a single instability mechanism 
can be drastically changed when a new instability 
mechanism is introduced. 

In Haarsma and Opsteegh (1988), we discussed 
the relevance of the SWE for the large-scale low­
frequency motion in the atmosphere. The SWE 
describe the horizontal structure of a stratified 
flow, like the atmosphere, only when the nonlinear 
advection terms are small. So they are probably 
too simple to study all aspects of the lower 
frequencies in the atmosphere. Nevertheless the 
choice of a finite equivalent depth is probably 
more realistic than simply assuming that He -+ 00, 

in which case the SWE reduce to the frequently 
studied BVE. If this is true, then self-interaction 
might be a relevant process for the large-scale low­
frequency motion in the atmosphere. 

In Section 2 we describe the low-order spectral 
model. A short explanation of self-interaction is 
presented in Section 3. In Section 4, we present the 
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