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ABSTRACT 

The large-scale transport of heat and carbon by the ocean circulation play an important role in 
the Earth's climate. Progress in developing realistic models of this process is reviewed. Sufficient 
numerical experiments have been carried out to indicate the role of subgrid scale mixing of 
temperature and salinity in the transport behavior of the models. The vertical component of 
subgrid diffusion in the models is essential for determining the amplitude of the thermohaline 
circulation of the ocean. In the case of simple geometries, poleward heat transport in models 
is approximately proportional to vertical mixing to the two-thirds power. The horizontal 
component of the diffusion appears to play almost no role in the poleward transport of heat 
as long as the value is less than 103 m2/s. At low values of horizontal diffusion and viscosity, 
mesoscale eddies are generated spontaneously in the models through baroclinic and barotropic 
instability. In analogy with the atmosphere one would expect these mesoscale disturbances to 
play an important role in poleward heat transport. The results of numerical experiments show 
that this may not be the case. The mesoscale eddies in the models generate mean flows which 
tend to cancel the eddy fluxes in much the same way that eddy-mean flow compensation occurs 
for atmospheric disturbances in the lower stratosphere. 

1. Introduction 

Broadly speaking, the main components of the 
climate system are the atmosphere, ocean, land 
hydrology and the biosphere. Progress in under­
standing the Earth's climate in all its complexity 
depends on the availability of credible models of 
each of these components of the system. The exist­
ence of such models is a prerequisite for the careful 
study of the complex interactions of climate. It is 
also essential to provide Lhe insights needed for 
projecting global change. The rapid progress that 
has been made in modelling the Earth's atmo­
sphere suggests that a comprehensive model of 
the entire climate system is an ambitious, but 
entirely feasible goal. This paper is concerned with 
extending the modelling capability that now exists 
for the atmosphere to the ocean. 

The quantitative role of the World Ocean in the 
global heat balance under present climatic condi­
tions is still poorly known. We are handicapped in 
constructing models which will predict past and 
future climate conditions by a poor understanding 

of the present. Two principle roles of the ocean in 
the globel balance are well known in a qualitative 
sense. One is the ocean's ability to store heat, 
which moderates seasonal extremes and gives rise 
to the very obvious difference between continental 
and marine climates. The second important role 
of the oceans is to work with the atmosphere in 
transporting excess heat received from the sun in 
equatorial latitudes and transporting it to polar 
latitudes. At this point it is difficult to determine 
the exact partitioning of this poleward heat trans­
port between the ocean and atmosphere. Some of 
the uncertainties are discussed by Dobson et al. 
(1982) "CAGE Feasibility Report". Field studies 
carried out in the last few decades have provided 
a description of the spectrum of variability of 
temperature and velocity in a few parts of the 
ocean. One of the important results of these 
measurements was to show that the kinetic energy 
of geostrophic motions in the oceans is dominated 
by mesoscale eddies of 100-200 km in wavelength. 
The kinetic energy of the time-averaged ocean 
circulation, itself, was only a small fraction of the 
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