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ABSTRACT 

We examine the equilibrium solutions of two topographically forced barotropic models, 
one having a P-plane geometry and the other being formulated in spherical coordinates. In both 
models the topography is represented by a single harmonic to facilitate the study of bent 
resonance, and the flow is forced through a mean zonal wind driving term. The horizontal 
scale of the topography and the dissipation time scales are selected to yield forced waves of 
comparable amplitudes in the limit of linear flows. For both models, a steady state version 
is used to obtain the equilibrium solutions and to derive the linear stability properties of the 
equilibria. A second, time-dependent nonlinear version of both models is also used to investigate 
the time evolution of the flow when the equilibrium solutions are perturbed. Our results for the 
P-plane model indicate that while multiple equilibria can be found for sufficiently low dissipation 
rates, only one equilibrium is stable and observable over a significant period of time in a time­
dependent model. In regions of parameter space where multiple equilibria exist, the unstable 
equilibrium solutions are not surrounded by limit cycles. Initial states chosen close to these 
unstable equilibria therefore evolve towards the one stable solution. The spherical geometry 
model also possesses multiple equilibria for sufficiently low dissipation rates in association with 
the presence of a bent resonance. Two of the equilibria are stable, one corresponding to a low 
zonal index flow and the other to a high zonal index flow. The multiple equilibria exist, however, 
only over a rather narrow range of u*, the mean zonal wind driving parameter. 

1. Introduction and a wave. He found both stable equilibrium 
solutions, which he associated with long-lasting 
atmospheric flows, and an unstable equilibrium 
solution, which he compared to observed rapidly 
changing flows. 

Charney and DeVore (1979), (CD), and Wiin­
Nielsen (1979) showed that some simple nonlinear 
atmospheric models can possess multiple equi­
librium solutions in certain parameter regimes. 
The former authors showed that in the presence of 
orography and dissipation, the zonally forced 
barotropic vorticity equation has a stable equi­
librium state with a large zonal index, which one 
could associate with the normal state of the atmo­
sphere, and another stable equilibrium state with 
a low zonal index, corresponding to "blocked" 
or anomalous flows. Wiin-Nielsen (1979) used a 
spherical geometry model with dissipation and an 
explicit source of vorticity for both the zonal flow 
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These introductory papers were followed by 
many others. Tung and Rosenthal (1985), (TR), 
published a critical review of the theories of 
multiple equilibria. Their re-examination covered, 
in particular, the works of CD, Yoden (1985a), 
Kallen (1982), Legras and Ghil (1985), and with a 
particular attention, the results of Charney et al. 
(1981) and Rambaldi and Mo (1984). Charney 
et al., had extended the model used by CD to 
include a more realistic representation of the 
topography. After correcting a minor algebraic 
error of Charney et al., TR found that the 5 
stationary solutions obtained by these authors 
reduced to three; and furthermore, when the 
number of degrees of freedom of the system was 
increased, the number of solutions dropped to one. 




































