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In geophysical turbulent flows, it is customary to have two or more attractors responsible for low-frequency
variability. We study this phenomenon in the dynamics of two-dimensional and quasi-geostrophic turbulence.
In the inertial limit, with a time scale separation (between spin-up time and inertial time), the attractors are
concentrated near a set of steady states of the inviscid equations. Statistical mechanical approaches help us
determine which of these steady states are eligible. Then, we can establish phase diagrams, which show states
with different topologies (different flow structures), in a very general theoretical framework. Assuming that
a given system is close to a phase transition, we can infer that the stochastic forcing will lead to transitions
between the various attractors. This was indeed found in a numerical simulation of the two-dimensional
stochastic Navier-Stokes equations, as well as in experiments in fast-rotating tanks. We describe recent results
which reveal whether the qualitative changes of attractors are continuous or discontinuous, when tuning an external parameter. The long-run proportion of time spent in a given state explains most of the low-frequency variability.
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