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Recovery process. Identifying the recovery of the
ozone layer from depletion associated with halogen gases
will rely on comparisons of the latest ozone values with
values measured in the past.  Because of its importance,
ozone will likely be measured continuously in the future
using a variety of techniques and measurement platforms
(see Q5).  Atmospheric computer models will be used to
predict future abundances of ozone and attribute observed
changes to ozone-depleting gases and other factors.  

The recovery process is schematically shown for
global ozone in Figure Q19-1.  Ozone has declined from
pre-1980 amounts due to past increases in halogen gases
in the stratosphere (see Q16).  In the future, as the overall
decline in these gases continues in response to Montreal
Protocol provisions, global ozone is expected to recover,
approaching or exceeding pre-1980 values (see Q20).
Ozone recovery attributable to decreases in ozone-
depleting gases can be described, in general, as a process

VI.  STRATOSPHERIC OZONE IN THE FUTURE

Q19: How will recovery of the ozone layer be identified?

Scientists expect to identify the recovery of the ozone layer with detailed ozone measurements in the atmos-
phere and with global models of ozone amounts.  Increases in global ozone and reductions in the extent and
severity of the Antarctic “ozone hole” will be important factors in gauging ozone recovery.  Natural variations
in ozone amounts will limit how soon recovery can be detected with future ozone measurements. 

Figure Q19-1.  Recovery stages of global ozone. Significant ozone depletion from the release of ozone-depleting
gases in human activities first became recognized in the 1980s.  The Montreal Protocol provisions are expected to further
reduce and eliminate these gases in the atmosphere in the coming decades, thereby leading to the return of ozone
amounts to near pre-1980 values.  The timeline of the recovery process is schematically illustrated with three stages
identified.  The large uncertainty range illustrates natural ozone variability in the past and potential uncertainties in global
model projections of future ozone amounts.  When ozone reaches the full recovery stage, global ozone values may be
above or below pre-1980 values, depending on other changes in the atmosphere (see Q20).

Recovery Stages of Global Ozone
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involving three stages:
(1) The initial slowing of ozone decline, identified as

the occurrence of a statistically significant reduc-
tion in the rate of decline in ozone. 

(2) The onset of ozone increases (turnaround), iden-
tified as the occurrence of statistically significant
increases in ozone above previous minimum
values.

(3) The full recovery of ozone from ozone-depleting
gases, identified as when ozone is no longer sig-
nificantly affected by ozone-depleting gases from
human activities.  

Each recovery stage is noted in Figure Q19-1.  The red
line and shaded region in the figure indicate the expected
average value and the uncertainty range, respectively, in
global ozone amounts.  The large uncertainty range illus-
trates natural ozone variability in the past and potential
uncertainties in global model projections of future ozone
amounts. 

In the full recovery of global ozone, the milestone of
the return of ozone to pre-1980 levels is considered impor-
tant because prior to 1980 ozone was not significantly
affected by human activities.  As a consequence, this mile-
stone is useful, for example, to gauge when the adverse
impacts of enhanced surface ultraviolet (UV) radiation on
human health and ecosystems caused by ozone-depleting

substances are likely to become negligible.  The uncer-
tainty range in model results indicates that ozone amounts
may be below or above pre-1980 values when ozone has
fully recovered from the effects of ozone-depleting gases
from human activities (see Q20).  The wide range of
uncertainty for global ozone in the final stage of recovery
represents, in part, the difficulty in accurately forecasting
the effects of future changes in climate and atmospheric
composition on the abundance of ozone (see Q20). 

Natural factors. Stratospheric ozone is influenced
by two important natural factors, namely, changes in the
output of the Sun and volcanic eruptions (see Q14).
Evaluations of ozone recovery include the effects of these
natural factors.  The solar effect on ozone is expected to
be predictable based on the well-established 11-year cycle
of solar output.  The uncertainty range in Figure Q19-1
includes solar changes.  Volcanic eruptions are particu-
larly important because they enhance ozone depletion
caused by reactive halogen gases, but cannot be predicted.
The occurrence of a large volcanic eruption in the next
decades when effective stratospheric chlorine levels are
still high (see Figure Q16-1) may obscure progress in
overall ozone recovery by temporarily increasing ozone
depletion.  The natural variation of ozone amounts also
limits how easily small improvements in ozone abun-
dances can be detected.




