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ABSTRACT

A hierarchy of coarse-resolution World Ocean experiments were integrated with a view to determining the
most appropriate representation of the global-scale water masses in ocean general circulation models. The
largest-scale response of the simulated ocean to the prescribed forcing in each model run is described. The
World Ocean model eventually has a realistic approximation of continental outlines and bottom bathymetry.
The model forcing at the sea surface is derived from climatological fields of temperature, salinity, and wind
stress. The first experiment begins with a quite unrealistic and idealized World Ocean. Subsequent experiments
then employ more realistic surface boundary conditions, model geometry, and internal physical processes. In
all, 16 changes to the model configuration are investigated.

A fundamental dynamical constraint in the Drake Passage gap appears to limit the outflow rate of bottom
water in the Antarctic region. This constraint acts to decouple the extreme Antarctic waters from the rest of the
World Ocean. In a similar manner, including a surface wind stress acts to decouple the two hemispheres by
limiting near-surface meridional flows across the equator. In the Atlantic basin, this decoupling becomes negligible
when North Atlantic Deep Water (NADW ) production is simulated. It is found that the representation of low
salinity Antarctic Intermediate Water (AAIW) is sensitive to the level of horizontal diffusion employed by the
model, as well as the chosen geometry of the Drake Passage gap and the amount of buoyancy provided by the
model’s deep water. For example, provided that lateral diffusion rates are not too excessive, a fresh tongue of
AAIW is simulated if either sufficiently dense bottom water is formed off Antarctica, or if enough NADW
outflows into the Southern Ocean. The inclusion of an isopycnal mixing scheme is shown to improve the
representation of AAIW in coarse-resolution models.

The rate of horizontal diffusion and the relative location of the Drake Passage gap to the polar westerlies
determines the shape and strength of an intense meridional overturning cell in the Southern Ocean. The inclusion
of an isopycnal mixing scheme does not affect this circulation pattern significantly. On the other hand, the
intensification of NADW production can substantially weaken the downwelling component of this cell by
drawing more water of Southern Ocean origin northward. Accurately simulating NADW production and outflow
requires a complete seasonal cycle in thermohaline forcing in the North Atlantic. The return path of NADW
is primarily via a ““cold water route” (i.c., the Drake Passage), although sufficiently strong NADW formation
sees some return flow via the Agulhas leakage (i.e., the “warm water route”). By the last experiment of the
present study, the model reproduces the subtle vertical layering of deep and intermediate water masses quite
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accurately. This represents a major success for the coarse-resolution multilevel ocean model.

1. Introduction

The distribution of heat and salt in the World Ocean
has been investigated extensively in recent decades,
both in observational analyses and theoretical mod-
eling. As part of a broad scientific program to under-
stand the world’s climate, much effort in the oceano-
graphic community is presently being directed at
quantifying the global-scale transports of heat and fresh
water in the ocean. Ultimately, the formation of the
world’s water masses is inherently linked to global cli-
mate through these large-scale oceanic transports of
heat and fresh water. The central goal of this study is
to employ a global-scale model of the ocean general
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circulation to investigate the processes that determine
the water mass distribution of the World Ocean.
Prior to the development of an ocean general cir-
culation model (GCM) of the World Ocean (Bryan
and Lewis 1979), the thermohaline component of the
ocean circulation had been largely neglected in theo-
retical studies. This was largely due to the difficulty of
incorporating nonlinear processes (such as convective
overturn) in analytic models. More recently, however,
the worldwide availability of the Geophysical Fluid
Dynamics Laboratory (GFDL) ocean GCM (Cox
1984; Pacanowski et al. 1991 ) has seen a rapid increase
in the number of studies that deal directly with the
component of thermohaline circulation in the ocean.
Many of these studies are carried out over idealized
single basin geometries (e.g., Bryan 1986; Weaver and
Sarachik 1990, 1991; Cummins 1991; Weaver et al.
1991), revealing interesting features in the stability and






