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ABSTRACT 

Recent numerical simulations using global ocean circulation models are reviewed together with 
model experiments involving further important climate sub-systems with which the ocean inter­
acts: the atmosphere, the air-sea interface and the global carbon cycle. A common feature of all 
ocean circulation experiments considered is the strong sensitivity of the circulation to relatively 
minor changes in surface forcing, particularly to the buoyancy fluxes in regions of deep water for­
mation in high latitudes. This may explain some of the well-known deficiencies of past global 
ocean circulation simulations. The strong sensitivity may also have been the cause of rapid 
climate changes observed in paleoclimatic records and can lead further to significant natural 
climate variability on the time scales of a few hundred years through the stochastic forcing of the 
ocean by atmospheric weather variability. Gobal warming computations using two different 
coupled ocean-atmosphere models for the "business-as-usual" scenario of the Intergovernmental 
Panel on Climate Change yield a significantly stronger warming delay due to the heat uptake by 
the oceans in the Southern Ocean than estimated on the basis of box-diffusion models. Recent 
advances in surface wave modelling, illustrated by a comparison of wave height fields derived 
from the W AM model and the GEOSA T altimeter, hold promise for the development of an 
improved representation of ocean-atmosphere coupling based on an explicit description of the 
dynamical processes at the air-sea interface. Global carbon cycle simulations with a three dimen­
sional carbon cycle model tuned to reproduce past variations of carbon cycle indices show a 
significant impact of variations in the ocean circulation on the C02 concentration in the atmo­
sphere and thereby on climate. The series of experiments suggest that for the study of climate in 
the time scale range from 10- 1-103 years, it would be highly desirable, and has indeed now 
become feasible, to couple existing, verified, climate sub-system models together in a comprehen­
sive fully interactive model including the oceans, sea-ice, atmosphere, surface interface and the 
global carbon cycle. 

1. Introduction 

In the time-scale range from a few weeks to a 
thousand years, the dynamics of climate (defined 
here in the modern sense to encompass all time 
scales beyond the theoretical limits of deterministic 
weather prediction) is strongly controlled by the 
ocean. The atmosphere can be regarded on these 
time scales as in quasi-equilibrium. Since it 
responds to and acts back on changes in the ocean 
quasi-instantaneously, its time evolution need not 
be computed explicitly. Within the coupled ocean­
atmosphere system it can therefore be treated 
formally as a diagnostic feedback loop with some 
superimposed white noise forcing. The ocean, 
however, must be modelled as a fully prognostic 

system, as it is the internal interactions within the 
ocean which largely govern the dynamical proper­
ties of the coupled ocean-atmosphere system, 
determining, for example, the transient response of 
the system to externally imposed forcing or natural 
climate variability. 

Unfortunately, it has not yet been possible in 
practice to devise realistic models of the quasi­
equilibrium statistically steady state of the atmo­
sphere for given boundary conditions without 
actually integrating the full time-dependent equa­
tions of the nonlinear atmospheric circulation. The 
coupled ocean-atmosphere system can therefore be 
studied quantitatively in the time-scale range of 
interest only with coupled prognostic models of 
both the oceanic and the atmospheric circulation. 
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