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Fig. 1 Vertical temperature profile simulated by the radiative-convective equilibrium
model under conditions of the standard atmosphere (solid line). Dashed-line indicates
the vertical temperature profile of the standard atmosphere
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Fig. 2 Temperature differences between simulation results under conditions of 3 greenhouse gas

scenarios and that of the standard atmosphere
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standard atmosphere.
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Fig. 5 Trends in zonal and annual mean ozone mixing ratio between 2000 and 2050, derived from
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dotted-lines denote negative trends. Shading areas are the places where statistical significance is
above the 90% confidence level
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Stratospheric Climate Trends under Conditions of Global Climate Changes
Yongyun HuFeng Ding Yan Xia

Department of Atmospheric Sciences, School of Physics, Peking University, Beijing,
China, 100871

Abstract: There are two factors which will play the key roles in stratospheric climate
changes in the 21% century. One is increasing greenhouse gases, and the other one is
the likely recovery of stratospheric ozone. The radiative effect of increasing
greenhouse gases causes warming on the surface and in the troposphere, but cooling
in the stratosphere, whereas the recovery of the ozone layer will cause stratospheric
warming. How stratospheric temperatures will be changed by the two opposite effects
is the main interest in the present study. In order to explore changes in stratospheric
temperatures, we carry out sensitivity simulations using a radiative-convective
equilibrium model, and we also analyze simulation results from coupled
chemistry-climate models (CCM). Our results show cooling trends in the middle and
upper stratosphere (60-1 hPa) and warming in the lower layers (150~60 hPa). These
suggest that the cooling effect of increasing greenhouse gases is more important in the
middle and upper stratosphere, while the warming effect of ozone recovery plays the
major role in the lower stratosphere. CCM simulations show that the maximum ozone
increase is in the upper stratosphere (about 3 hPa), which matches the layer of
maximum cooling trends, suggesting that increasing greenhouse gases will benefit
stratospheric ozone recovery. CCM simulations also show warming trends in
stratospheric polar regions in the winter half-year for both hemispheres. According to
previous studies, the polar warming is due to increasing planetary wave activity in the
stratosphere. In addition, feedbacks among dynamical, thermal and chemical
processes may also contribute the polar warming.

Key words: Stratosphere; Climate change; Ozone recovery; Increasing greenhouse
gases; Greenhouse effect
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