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ABSTRACT

A study of the climatic effect of doubling or quadrupling of CO, in the atmosp'here has been con-
tinued by the use of a simple general circulation model with a limited computational domain, highly
idealized geography, no seasonal variation of insolation, and a simplified interaction between cloud
and radiative transfer.

The results from the numerical experiments reveal that the response of the model climate to an increase
of CO, content in air is far from uniform geographically. For example, one can identify the high-latitude
region of the continent where the runoff rate increases markedly, a zonal belt of decreasing soil moisture
around 42° latitude, and a zone of enhanced wetness along the east coast of the subtropical portion of
the model continent.

The general warming and the increase of moisture content of air, which results from a CO, increase,
contributes to the large reduction of the meridional temperature gradient in the lower model troposphere
because of 1) poleward retreat of highly reflective snow cover and 2) large increase in the poleward
transport of latent heat. The reduction of the meridional temperature gradient appears to reduce not
only the eddy kinetic energy, but also the variance of temperature in the lower model troposphere.
The penetration of moisture into higher latitudes in the CO,-rich warm climate is responsible for the
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large increase of the rates of precipitation and runoff in high latitudes of the model.

1. Introduction

The climatic effects of an increase in the CO,
content of the atmosphere have been the subject
of many investigations [see Schneider (1975) and
Ramanathan and Coakley (1978) for comparative
evaluations of these studies.] Manabe and Wetherald
(1975, hereafter identified as MW735) investigated
this problem by the use of a highly simplified model
of the atmospheric general circulation. The simpli-
fied characteristics of the MW75 model included a
limited computational domain with idealized geog-
raphy, no seasonal variation, no heat transport by
ocean currents and fixed cloudiness. Based on the
results from this model, MW75 discussed the re-
sponse of the zonal- and area-mean climates to the
increase in the CO, content of the atmosphere.
However, MW75 did not evaluate the geographical
distribution of the response which, despite the ideal-
ization of geography mentioned above, reveals some
interesting characteristics that deserve further in-
vestigation. Furthermore, it has been realized that
the idealization of geography, owing to the simplicity
of continental shape, facilitates the identification of
the influences of a continent on the response of
climate to external (or internal) stimuli. Therefore,
it was decided to perform numerical experiments
similar to that of MW?75, after making some modifi-

cations to the model, to study the geographical
character of the CO,-induced climatic change.

After detailed analysis of the results from the pres-
ent series of numerical experiments, it was noted
that the poleward transport of latent heat plays an
important role in determining the latitudinal distribu-
tion of the response of the model climate and de-
serves further discussion. Therefore, the sensitivity
of the zonal-mean climate continues to receive a
major emphasis in this study, even though it was
one of the main topics covered in MW75.

One of the new features of the model used in
the present study is the treatment of cloud cover.
In the previous study (MW?75), cloud cover was pre-
scribed to vary only as a function of latitude and
altitude, i.e., the cloud cover was zonally uniform.
However, it is possible that the interaction between
cloud cover and radiative transfer may significantly
influence the distribution of the climatic response
to the increase in CO, content of the atmosphere.
Therefore, a highly simplified scheme of cloud pre-
diction is incorporated into the present model.

Another important difference between the pre-
vious and present models is the poleward extent
of the computational domain. In the MW75 model,
the poleward boundary was placed at the 81.7° lati-
tude circle because of the use of a Mercator map
coordinate, whereas in the present model, the






