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ABSTRACT

Numerical experiments are carried out using a general circulation model of a coupled ocean-atmosphere
system with idealized geography, exploring the transient response of climate to a rapid increase of atmospheric
carbon dioxide. The computational domain of the model is bounded by meridians 120 degrees apart, and
includes two hemispheres. The ratio of land to sea at each latitude corresponds to the actual land—sea ratio for
the present geography of the Earth. At the latitude of the Drake Passage the entire sector is occupied by ocean.

In the equivalent of the Northern Hemisphere the ocean delays the climate response to increased atmospheric
carbon dioxide. The delay is of the order of several decades, a result corresponding to previous modeling studies.
At high latitudes of the equivalent of the ocean-covered Southern Hemisphere, on the other hand, there is no
warming at the sea surface, and even a slight cooling over the 50-year duration of the experiment. Two main
factors appear to be involved. One is the very large ratio of ocean to land in the Southern Hemisphere. The
other factor is the very deep penetration of a meridional overturning associated with the equatorward Ekman
transport under the Southern Hemisphere westerlies. The deep cell delays the response to carbon-dioxide warming
by upwelling unmodified waters from great depth. This deep cell disappears when the Drake Passage is removed

from the model.

1. Introduction

The direct effect of carbon dioxide in the atmo-
spheric radiation balance is perhaps the best understood
aspect of the overall CO,/climate problem. The ex-
treme complexity of predicting the corresponding re-
sponse of climate is due to the many feedbacks which
can take place in the climate system. For example,
warming causes an increase of water vapor in the at-
mosphere, which in turn increases the greenhouse effect
{Manabe and Wetherald 1967). It has also been sug-
gested (Hansen et al. 1984) that the carbon dioxide-
induced change in cloudiness will provide a positive
feedback. Manabe and Bryan (1985) have recently
shown that changes in the transport of heat by ocean
currents at high latitudes can provide another positive
feedback. While much remains to be done in exploring
all the feedbacks related to the equilibrium response
of climate to atmospheric carbon dioxide variations,
the present study is focused on an even less well un-
derstood aspect: the transient response of climate to
an increase of greenhouse gases. The transient response
of climate is strongly controlled not only by the feed-
backs identified above, but also by the very large ther-
mal inertia of the ocean.
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The heat capacity of the upper three meters of the
ocean is greater than the entire heat capacity of the
atmosphere. The rate at which the climate system will
change therefore depends on how rapidly heat anom-
alies generated in the atmosphere penetrate down into
the ocean. The immediate focus of this study is an
attempt to gain an understanding of the processes in-
volved, with the precise quantitative prediction of this
process as a long-term goal. Two extreme cases can be
visualized. In one case no penetration of the ocean
takes place, and the atmosphere would respond fully
to carbon dioxide increases within a period of years.
The other extreme case would be a complete mixing
of any heat anomalies through the entire depth of the
ocean. Mixing to the ocean bottom would imply such
an enormous thermal inertia in the climate system that
even a partial response to a sudden increase of atmo-
spheric carbon dioxide would require centuries. In the
Northern Hemisphere transient tracers like bomb-pro-
duced tritium, and bomb-produced carbon-14 indicate
that the intensity of vertical mixing of the ocean is
between these extreme cases. Surface properties mix
downward into the main thermocline on the time scales
of decades, but only a small fraction of surface waters
are mixed into the abyssal ocean on that time scale.

To predict the pace of climate change in response
to the build-up of greenhouse gases in the atmosphere,
we must learn to model this process of downward mix-
ing. Hoffert et al. (1980), Cess and Goldenberg (1981)
and Hansen et al. (1984) considered the ocean’s role






