Numerical Model and Methodology

The numerical simulations are conducted with the Explicit Planetary Isentropic
Coordinate General Circulation Model (EPIC GCM). The basic equations solved are
a modified form of the Navier-Stokes equations with a hybrid vertical coordinate (D)
applied to a series of stacked fluid layers. The hybrid coordinate is designed to allow
use of a flow-following potential temperature coordinate (q) aloft and a pressure-
based coordinate (s) as a solid surface is approached (E). For a gas giant, the
hybrid coordinate allows for finer vertical spacing in the near-isothermal troposphere
where potential temperature is nearly constant. Current simulations typically involve
a quarter globe from the south pole to the equator and 180° in longitude (periodic
boundary) on a grid of 256x128 horizontal points (spacing of 0.7°) and 10-13 vertical
layers with a timestep on the order of one minute.

The key model parameters used to investi- [
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flexibility in the final form. The zonal wind
Coutesy NASAUPL Catecn patterns chosen are variations on the lati-

tude fit of Sromovsky et al. (1993) (F, “Q, =

1 (fit)"), modified to decrease the local po-

tential vorticity gradient to a fraction of the

Sromovsky et al. profile. The profile of

temperature and pressure is also based on

observations (G, “Nominal”), but in the not

well-observed or constrained deeper regions

other profiles are constructed to investigate

varying the buoyancy frequency (N).

The other critical parameters are part of the

vortex induction process — the model Dark

Spot is induced by locally deflecting the

Montgomery potential in the manner of E G

LeBeau and Dowling (1998) or Stratman et

al. (2001) and then geostrophically corrected

the velocity fields. This correction created

nearly-balanced spots in a pure isentropic

model, but in the hybrid coordinate version

the spot must adjust over the first 5-10 days

of the simulation before achieving its long-

term, balanced configuration. The spot then

continues to evolve and its resulting motions

and properties are compared to the

available observational data.

GDS Dirift
The mean drift rate of 1.24°month for GDS-89 was
observed to be essentially constant over an 8 month
period, although the geometric center showed additional
variations due to the shape oscillations. To date, the drift
rate has been strongly dependent on the background
potential vorticity gradient (H), the vortex latitude (1), and to
a lesser extent the vortex structure (H,J,K,L). At mid- L&D vortices
lattiudes (below 30°S) long-term drift rates on the order of
a degree/month can be achieved for all potential vorticity
gradients tested, but at more equatorward latitudes only |
profiles with smaller Q, have been able to maintain
moderate drifts (). Thus, recent simulations have targeted
zonal wind profiles with Q, = 0, 1/6, and 1/3 (K,L). Some
of these simulations have maintained steady drift rates
over several months of simulated time.
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