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[Abstract]
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It is uncertain that the ozone amount in the mid- and high latitudes of the northern
hemisphere will recover as ozone depleting substances (ODSs) in the atmosphere decrease
in the future by the regulation of chlorofluorocarbons (CFCs), because the ozone amount
is affected by a large year-to-year variation in the Arctic polar vortex. Besides, the ozone
amount is considerably affected by ozone transport from the middle and upper
stratosphere and from the low latitudes. The stratospheric circulation from the low
latitudes toward the high latitudes facilitates the transport of ozone and is affected by
greenhouse gas (GHG) concentrations in the atmosphere. Thus, the ozone amount in the
mid- and high latitudes of the northern hemisphere is affected by ODS concentrations,
GHG concentrations, and year-to-year variations in the Arctic vortex, and is therefore
unpredictable.

In this study, we conducted 100 ensemble numerical experiments with fixed ODS
and GHG concentrations in order to investigate ozone change in the mid- and high
latitudes of the northern hemisphere for the near future around the years 2030 and 2050.
We analyzed an ensemble distribution of ozone amounts to explain the future ozone
change. The ODS and GHG dependences were analyzed not only in terms of the ensemble
mean but also in terms of the extreme events that exist at the edge of the ensemble
distribution. We obtained the following results concerning ozone amount in the mid- and
high latitudes of the northern hemisphere for the spring season:

(1) The increase in ODS concentration in the atmosphere from the concentration for the
year 1960 to that for the year 2000 magnifies the year-to-year variation in the ozone
amount. The observed large year-to-year variation of the ozone amount from the 1990s
to the present is due to the ODS increase.

(2) The increase in GHG concentration under the high ODS concentration in the year 2000
causes an increase in the ensemble mean value of ozone amount. Extremely low ozone
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events do not decrease, and in some cases, show an increase under the higher GHG
concentrations.

(3) Extremely low ozone events do not occur at ODS concentration levels lower than that
of the year 1985, which is 3.6 ppbv of the Equivalent Effective Stratospheric Chlorine
(EESC).
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