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FigUre 13. The pseudo-advection of a random initial field. The initial condition is generated with
random phases and energy equipartitioned in modes with wavenumbers between 1 and 8.
Continually enhancing the energy isovortically results in two large-scale eddies which do not
collapse into the lowest wavenumber and have a nonlinear ¢—y relation. (Contour interval 0.8; sign
coded as in figure 6.)

but nevertheless the result is the same. We emphasize that the instabilities of the
modified dynamics with dE/dt # 0 have nothing to do with real instabilities. In
figure 12, we show the evolution of the real (dZ/dt = 0) instability that occurs for the
same initial condition used in figure 11. This instability takes the form of double-
dipole formation (Flierl 1988) and has no similarity to the ablation which occurs
during quenching.

Random initial conditions

As our final example, instead of patches we use a continuous relative vorticity
field. The initial field is created by equally populating all modes up to wavenumber
8 with randomly generated phases. Thus the initial vorticity contour plot primarily
shows an irregular assortment of eddies of roughly wavenumber 8. From the insight
formed in the patch experiments discussed above, we could anticipate that the stable
configuration isovortical to this one is two large-scale monopoles of opposite sign and
maximal separation. The exact form of the ¢—i relation will depend on the details of
the initial vorticity distribution. As the quenching proceeds the like-signed vortices
merge, the resulting large-scale monopoles do move apart to their equilibrium
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positions, and the ¢g— plot shows a nonlinear relationship (figure 13). Note that if
enstrophy were the only constraint during the energy increase, then the ¢— relation
would become linear and only the largest wavevectors would be exited.

5. Discussion

We have demonstrated the feasibility of numerically simulating the pseudo-
advection algorithms of VCY as a means of exploring the structure of the isovortical
sheets in the phase space of two-dimensional flows. A further line of investigation
might be to use these algorithms in the program such as followed by Branstator &
Opsteegh (1989); that is, take actual atmospheric (or other source) data for the
instantaneous flow field of a non-stationary flow and apply quenching to determine
whether there is a nearby stationary flow that can be identified as influencing the
evolution of the given flow.

There is an obvious drawback in the algorithms investigated here. In the current
formulation, pseudo-advection can lead only to stationary states. This rules out
evolution toward uniformly translating or rotating form-preserving structures such
as modons or rotating ellipses. Some way needs to be found to either incorporate the
effects of translation and rotation into the algorithm explicitly or better still to find
an algorithm which automatically determines the correct reference frame. Such a
development would greatly enhance the usefulness of pseudo-advection (for a further
discussion of these points, see Shepherd 1990). Also the effects of boundary
conditions other than periodic need to be investigated.
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