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ABSTRACT

The transient response of climate to an instantaneous increase in the atmospheric concentration of carbon
dioxide has been investigated by a general circulation model of the coupled ocean-atmosphere-land system
with global geography and annual mean insolation. An equilibrium climate of the coupled model is perturbed
by an abrupt doubling of the atmospheric carbon dioxide. The evolution of the model climate during the 60-
year period after the doubling is compared with the result from a control integration of the model without the
doubling.

The increase of surface air temperature in middle and high latitudes is slower in the Southern Hemisphere
than the Northern Hemisphere. The large thermal inertia of the ocean-dominated hemisphere is partly responsible
for this difference.

The effective thermal inertia of the oceans becomes particularly large in high southern latitudes. Owing to
the absence of meridional barriers at the latitudes of the Drake Passage, a wind-driven, deep cell of meridional
circulation is maintained in the Circumpolar Ocean of the model. In addition, a deep reverse cell develops in
the immediate vicinity of the Antarctic Continent. The thermal advection by these cells and associated convective
overturning result in a very efficient mixing of heat in the 2-km thick upper layer and increase the effective
thermal inertia of the ocean, thereby contributing to the slow down of the CO,-induced warming of the near-
surface layer of the Circumpolar Ocean of the model.

It is surprising that, during the last 15 years of the 60-year experiment, sea surface temperatures in the
Circumpolar Ocean actually reduce with time. Because of the increase in precipitation caused by the enhanced
penetration of warm, moisture-rich air aloft into high latitudes, the surface halocline of the Circumpolar Ocean
intensifies, thereby suppressing the convective mixing between the surface layer and the warmer underlying
water. Thus, sea surface temperature is reduced in the Circumpolar Ocean towards the end of the experiment.

In the Northern Hemisphere, the CO-induced warming of the lower troposphere increases with increasing
latitudes and is at a maximum near the North Pole due partly to the albedo feedback process involving sea ice
and snow cover. The warming of the upper ocean layer also increases with increasing latitudes up to about
65°N where the absorption of solar radiation increases markedly due to the poleward retreat of sea ice. Over
the Arctic Ocean, the warming is very large in the surface layer of the model atmosphere, whereas it is very
small in the underlying water. Both sea ice and a stable surface halocline act as thermal insulators and are
responsible for the large air-sea contrast of the warming in this region.

In short, the CO.-induced warming of the sea surface has a large interhemispheric asymmetry, in qualitative
agreement with the results from a previous study conducted by use of a coupled mode! with a sector computational

domain and an idealized geography. This asymmetry induces an atmospheric response which is quite different
between the two hemispheres.
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1. Introduction

The transient response of climate to the future in-
creases of greenhouse gases is receiving increased at-
tention. Early studies on this topic (e.g., Hoffert et al.
1980; Cess and Goldenburg 1981; Hansen et al. 1984)
discussed the delay of the response due to the thermal
inertial of the oceans. However, the models used for
these studies have highly idealized oceanic components
that do not explicitly incorporate the effect of heat
transport by ocean currents. Therefore, the horizontal
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distribution of the transient climate response was not
discussed in these studies. The present study represents
an attempt to do this by use of a coupled ocean-at-
mosphere model in which the effect of both advection
and convective overturning in the oceans are explicitly
taken into consideration.

Bryan et al. (1982) started the investigation of this
problem using a simple, coupled ocean-atmosphere
model. For computational economy and ease of anal-
ysis, their model had a one-hemisphere, sector com-
putational domain bounded by the equator and two
meridians, which are 120° longitude apart. Symmetry
is assumed at the equator and cyclic continuity is im-
posed at the meridional boundaries. To provide a large
signal-to-noise ratio, the equilibrium climate of the






