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Methods of Testing Parameterizations:
Vertical Ocean Mixing

Eli Tziperman

Introduction

Because the ocean is stratified, water parcels move more easily
horizontally along surfaces of constant potential density (isopycnals)
than across these surfaces. Any movement across isopycnal sur-
faces must involve a change in gravitational energy, as well as a
density change of the moving water parcel. This change occurs
through vertical mixing with water of different potential density
above or below. Vertical mixing in the ocean has an important role
in maintaining the oceanic stratification at a steady state: The air-
sea fluxes continuously cool and heat the surface water, thereby
forming cold bottom water and warm surface water. The vertical
mixing processes balance the air-sea fluxes by mixing the cold and
warm water, to form the mid-density water found throughout the
water column in the ocean. But the vertical mixing also presents a
difficult challenge to the oceanographer interested in modeling the
large-scale ocean circulation.

The ocean’s velocity field is characterized by an exceptional vari-
ety of scales. While the small-scale oceanic turbulence responsible
for the vertical mixing in the ocean is of scales a few centimeters
and smaller, the oceanic general circulation is characterized by hori-
zontal scales of thousands of kilometers. In oceanic general circula-
tion models (GCMs) that are typically run today, the vertical struc-
ture of the ocean is represented by a few tens of discrete grid points,
whose separation varies from a few meters near the surface of the
ocean to hundreds of meters in the deep water. Such models cannot
explicitly model the small-scale mixing processes, and must, there-
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fore, find ways to parameterize them in terms of the larger-scale
fields. Finding a parameterization that is both reliable and plausible
to use in ocean models is not a simple task. Vertical mixing in the
ocean is the combined result of many complex processes, and, in
fact, mixing is one of the less known and less understood aspects of
the oceanic circulation. In present models of the oceanic circulation,
the many complex processes responsible for vertical mixing are
often parameterized in an oversimplified manner. Yet, finding an
adequate parameterization of vertical ocean mixing is crucial to the
successful application of ocean models to climate studies. We will
see below that the results of general circulation models for quanti-
ties that are of particular interest to climate studies, such as the
meridional heat flux carried by the ocean, are quite sensitive to the
strength of the vertical mixing.

Below we try to examine the difficulties in choosing an appropri-
ate vertical mixing parameterization, and the methods that are
available for validating different parameterizations by comparing
model results to oceanographic data. First, some of the physical
processes responsible for vertically mixing the ocean are briefly
mentioned, and some possible approaches to the parameterization
of these processes in oceanographic general circulation models are
described in the following section. We then discuss the role of the
vertical mixing in the physics of the large-scale ocean circulation,
and examine methods of validating mixing parameterizations using
large-scale ocean models.

Physical Processes Responsible for Oceanic Mixing/
Mixing Parameterizations for Large-Scale Models

Many physical processes participate in creating the small-scale
turbulence (e.g., wave dynamics, shear flow, salinity gradients, and
wind forces) responsible for vertical mixing in the ocean (Turner,
1981). Each of these processes may be dominant under different cir-
cumstances, at different times, and at different geographic locations.
In addition, each of these small-scale vertical mixing mechanisms
depends on the larger-scale fields in a different way, and may there-
fore require a different parameterization. In this section we briefly
describe some of the vertical mixing mechanisms and discuss some
of the commonly used parameterizations of vertical mixing in oceanic
GCMs. Our purpose here is not to present an extensive review of ver-
tical mixing parameterizations, but merely to demonstrate the diffi-
culty in making a vertical mixing parameterization that accurately
represents the variety of vertical mixing mechanisms. The terms “ver-
tical mixing” and “cross-isopycnal mixing” are often used inter-
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changeably, and we will do so below, but it is useful to keep in mind
that what is meant in both cases is the mixing of water across sur-
faces of constant potential density. Although isopycnal surfaces in
the ocean are nearly horizontal, and therefore the cross-isopycnal
direction is nearly the same as the vertical direction in most places,
the distinction is still important, as we will see below.

Constant Coefficient Parameterization

Simple scaling arguments based on the shape of the vertical tem-
perature profile in the ocean immediately lead to the conclusion that
mixing must be much larger than can be explained by molecular dif-
fusivity, indicating the presence of small-scale turbulent mixing.
Assuming that the small-scale turbulence in the ocean interior is of
uniform intensity, it can be modeled with constant turbulent mixing
coefficients, analogous to the molecular diffusion coefficients. Allow-
ing for different vertical and horizontal mixing due to the preference
of horizontal mixing in the ocean, we obtain the following advection
diffusion equation for the temperature (1),
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where Kj and K, are the horizontal and vertical mixing coefficients,
and Ky > K,; (u,v) and (x,y) are the horizontal velocity components
and coordinates; w is the vertical velocity; z is the local vertical
coordinate; and t denotes time. Such constant eddy coefficients,
although clearly oversimplified, are still the most commonly used
parameterization of oceanic mixing in general circulation models (K.
Bryan, 1969; F. Bryan, 1987).
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Tensor Diffusivities Parameterization

The strong horizontal mixing represented by the large horizontal
mixing coefficient K; in Equation (1) is due to oceanic mesoscale
eddies, which are circulation features of horizontal scale of tens to
hundreds of kilometers. These eddies do not mix water horizontally,
but in fact along isopycnal surfaces that may be tilted relative to the
horizon. The large horizontal mixing coefficient meant to represent
these eddies in Equation (1) causes strong mixing in the horizontal
direction and may therefore result in a much too strong cross-iso-
pycnal mixing when the isopycnals are not exactly flat. In order to
accurately separate long-isopycnal and cross-isopycnal mixing, and
thus to better parameterize the cross-isopycnal mixing in which we
are interested here, the mixing coefficients K; and K,, in Equation (1)
may be replaced by the more complex tensor diffusivities (Redi,
1982). These diffusivities guarantee that the mixing is stronger








