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ABSTRACT

We have attempted to assess the stratospheric effects of two different perturbations: 1) a uniform
50% reduction in ozone; and 2) a uniform doubling of carbon dioxide. The primary studies employ an
annual mean insolation version of the recently developed GFDL. 40-level general circulation model
(GCM). Supporting auxiliary calculations using purely radiative models are also presented. One of these,
in which the thermal sensitivity is computed using the assumption that heating by dynamical processes
is unaffected by changed composition, gives results which generally are in excellent agreement with
those from the GCM. Exceptions to this occur in the ozone reduction experiment at the tropical

tropopause and the tropical mesosphere.

The predicted response to the ozone reduction is largest at S0 km in the tropics, where the tempera-
ture decreases by 25 K; at the tropical tropopause, the decrease is 5 K. The carbon dioxide increase
results in a 10 K decrease at 50 km, decreasing to zero at the tropopause. The temperature change in
the CO, experiment is remarkably uniform in latitude.

'

1. Introduction

The possibility of an anthropogenically induced
ozone reduction has been the subject of intense
attention for the last decade. While many uncer-
tainties remain, considerable progress has been
made in elucidating the mechanisms which control
the distribution of ozone, and therefore in our
ability to assess the effects of various contami-
nants on the ozone layer. The results of these ef-
forts are summarized in a series of assessment
documents, 1:2:3:4.5:6
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In these reports, the problem of climatic response
to ozone change received considerably less atten-
tion. This was, to a great extent, due to the lack of
suitable models of the climate system. To date, the
only systematic attempts to estimate possible cli-
matic effects of ozone change have employed one-
dimensional (1D) radiative-convective equilibrium
models (e.g., Manabe and Wetherald, 1967; Luther
et al., 1977; Ramanathan, 1976, Ramanathan et al.,
1976; Reck, 1976; Ramanathan and Dickinson, 1979)
or zonally symmetric models with highly simplified
dynamics (Schoeberl and Strobel, 1978). Generally,
the 1D models indicate substantial cooling of the
upper stratosphere for large ozone reductions. Such
models also indicate much smaller and more am-
biguous temperature changes near the earth’s
surface.

In view of the possibility of large ozone reduc-
tions in the future, assessment of the associated
climatic change is an important problem, which by
its very nature must ultimately be addressed with
interactive radiative-chemical-dynamical models of
the atmosphere-ocean system. However, develop-
ment of a climate model which is both reliable and
comprehensive is still well in the future.

A closely related question is the possible climatic
response to increasing atmospheric carbon dioxide
amounts. Both problems require assessment of the
climatic response to changes in an important radia-
tively active gas. In both cases, there remains
substantial uncertainty as to what the long-term






