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ABSTRACT

It is shown that the effects of mesoscale eddies on tracer transports can be parameterized in a large-scale
model by additional advection and diffusion of tracers. Thus, tracers are advected by the effective transport
velocity, which is the sum of the large-scale velocity and the eddy-induced transport velocity. The density and
continuity equations are the familiar equations for adiabatic, Boussinesq, and incompressible flow with the
effective transport velocity replacing the large-scale velocity. One of the main points of this paper is to show
how simple the parameterization of Gent and McWilliams appears when interpreted in terms of the effective
transport velocity. This was not done in their original 1990 paper. It is also shown that, with the Gent and
McWilliams parameterization, potential vorticity in the planetary geostrophic model satisfies an equation close
to that for tracers. The analogy of this parameterization with vertical mixing of momentum is then described.

The effect of the Gent and McWilliams parameterization is illustrated by applying it to a strong, sloping two-
dimensional front. The final state is that the front is flat, corresponding to a state of minimum potential energy.
However, the amount of water of a given density has not been changed and there has been no flow across
isopycnals. These properties are not preserved with horizontal diffusion of tracer. Finally, the Levitus dataset
is used to estimate the effects of the Gent and McWilliams parameterization. The zonal mean meridional
overturning streamfunction for the eddy-induced transport velocity has a maximum of 18 Sverdrups near the
Antarctic Circumpolar Current. The associated poleward heat transport is 0.4 petawatts. The maximum poleward
heat transport in the Northern Hemisphere is 0.15 petawatts at 40°N. These values are the same order of
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magnitude as estimates from observations and regional eddy-resolving ocean models.

1. Introduction and rationale in isopycnal
coordinates

Increasing computing power has meant that eddy-
resolving ocean general circulation calculations that
integrate for several decades are now quite feasible.
However, the deep ocean takes at least several hundred
years to come into equilibrium, and many calculations
that thoroughly explore parameter space are desirable.
This means that, at the present time, most ocean com-
ponents of climate models use a coarse resolution that
does not resolve ocean eddies. Thus, the effects of eddies
need to be parameterized in these models and it has
proved difficult to accomplish this satisfactorily.
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One reason is that the most obvious and simplest
parameterization, downgradient Fickian diffusion,
has been demonstrated to be inadequate. A major
reason for this inadequacy is that a purely diffusive
parameterization means that advection in the large-
scale model is by the large-scale velocity. Observa-
tional and numerical model studies, especially of the
stratosphere as well as the ocean, have clearly shown
that, on average, tracers are not advected by the
large-scale velocity. This can be demonstrated as
follows.

Consider incompressible, Boussinesq, and adiabatic
flow in isopycnal coordinates. We will also assume that
the equation of state for seawater is a linear function
of potential temperature and salinity with constant
coefficients. The density and continuity equations are
combined to give an equation for the thickness 4,,






