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SCIENCE ASSESSMENT

Ever since the question of whether CFCs damage the ozone layer was raised in 1974, science, industry and
government have engaged in intensive efforts to determine the facts.

The research has focused primarily on the highly complex chemistry of the stratosphere. It is known that ozone
acts as a giant filter to screen out some of the sun’s harmful ultraviolet rays. The belief is that depletion of the ozone
layer could result in increased incidence of some forms of skin cancer and damage to certain food crops and
aquatic life.

Studying the stratosphere is extremely difficult, not only because of its distance from the earth (from eight to 30
miles) but also because the concentrations of ozone it contains are subject to frequent and often large natural fluc-
tuations. However, by analysis of samples taken at various places and times through computer modeling, a great deal
has been learned about stratospheric chemistry.

It appears that the amount and distribution of ozone in the atmosphere are maintained by a dynamic balance be-
tween production (from solar ultraviolet radiation), destruction (by radicals derived from several trace gases) and
transport by atmospheric motion. The process is not completely understood.

It is evident, however, that industrial, agricultural and natural processes play a part in production of the trace
gases. For example, carbon dioxide is increasing in the atmosphere due to increased burning of fossil fuels. Methane
levels are also rising from sources thought to be natural wetlands, rice paddies and fermentation processes in cattle
and other ruminants.

A 1986 report to Congress by the National Aeronautics and Space Administration (NASA) and the World
Meteorological Organization (WMO) describes the current status of atmospheric science: what has been learned,
what remains scientifically uncertain and what research still needs to be done. The NASA/WMO Report remains
the definitive work available today on the global ozone depletion issue.

While scientists have been able to gather significant atmospheric measurements and observations during the last
decade to improve their understanding of the stratosphere, much of the key analytical work is still done using sophis-
ticated computer models that simulate the complex interactions that are theorized to occur. Discrepancies between
observations and calculations limit somewhat the scientist’s confidence in the predictive capability of the
models.

The graphs that follow in this report represent the model calculated effectiveness of the Montreal Protocol. These
calculations show that the key to future protection of the ozone layer is the limitation of the rate of growth in the use of
CFCs, which the Protocol achieves. The analysis also shows that the calculated environmental benefit of the reduc-
tion steps is not nearly as great as the limitation on growth. Additionally, the analysis shows that attempts in the U.S.
to go beyond the Protocol measures will produce no significant environmental benefit. (The U.S. economic impact
of such unilaterial action is significant, however. See Section V.) In sum, the Montreal Protocol provides a substan-
tial margin of protection beyond what is environmentally necessary.

Two expeditions have now been completed to Antarctica to study the causes of the significant ozone reductions
that have been observed during the spring season. Preliminary reports from the 1987 Airborne Antarctic Ozone
Expedition have indicated that the evidence strongly suggests that both chemical and meteorological mechanisms
perturbed the ozone. Additionally, it is clear that meteorology sets up the special conditions required for the per-
turbed chemistry.”

The scientists will be analyzing this information gathered during the 1987 expedition and preparing peer-
reviewed reports in 1988. These reports will be available for the first scheduled meetings of scientists in 1989 as part
of the Protocol’s ongoing assessment process.

The following pages summarize the current scientific understanding of the ozone depletion issue.
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OZONE MEASUREMENTS

® Analyses of about 30 years of data from a globally distributed network of
monitoring stations show that there has been no persistent change in the
total amount of ozone.

® The 30 year data record shows that total ozone increases and decreases on
time scales of days to a decade. Since 1979, total ozone amounts have
been in a decreasing phase. This decrease is within the range of previously
observed variability which is likely due to poorly understood natural
causes.

® There are concerns about the validity of the reports of a declining trend in
ozone observed by a satellite-borne instrument. A large part of the ozone
decreases observed by the satellite instrument could be due to instrument
degradation. Information supporting the degradation theory is provided by
an analysis presented in a recently published, peer-reviewed scientific
paper that shows that ozone values measured by the satellite instrument
are declining compared to those measured by the ground-based
network of instruments.

® A team of government, academic and industry scientists are reevaluating
all ozone measurements that are now available. Their conclusions should
be reported early next year.
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ANTARCTIC OZONE

Preliminary findings of the recent Airborne Antarctic Ozone Experiment
indicate that a combination of meteorology and unusual chemistry is re-
sponsible for the seasonal decreases of ozone above Antarctica.

The new information indicates that meteorology contributes directly to
some of the ozone decreases. Thus, an ozone ‘““hole’” of some proportion
would probably be present even if man-made chlorine compounds had
never been emitted into the atmosphere.

The unique meteorology over Antarctica established a ‘‘containment
vessel” in which chemistry contributes to seasonal ozone decreases.

It is unlikely that conditions which would duplicate the Antarctic Ozone
“hole” phenomenon can exist anywhere else on the globe. Even in the
most similar region of the world, the Arctic, the meteorology effectively
precludes a similar situation.

It is unknown whether any significant environmental effects can be
attributed to the seasonal ozone reduction over Antarctica. It should be
noted, however, that even with the measured ozone reductions, the level of
UVb radiation exposure at noon on an October day in the Antarctic is less
than the level of exposure at noon on a summer day in Washington,
D.C.
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MODEL RESULTS

The effect of the control provisions of the Montreal Protocol on
atmospheric chlorine concentrations and global ozone change has been
estimated based on calculations from several atmospheric models. The model
results from emissions allowed under the Montreal Protocol have been com-
pared with those from the following alternative CFC/Halon emissions
scenarios: (1) the 2.5 percent compounded annual growth rate that had been
assumed for a number of pre-Protocol model calculations, (2) a true global
freeze of CFC/Halon emissions, and (3) the Montreal Protocol provisions
plus an 85 percent phaseout of CFC/Halon emissions in the U.S.

Figure 1 depicts atmospheric chlorine concentrations and Figures 2, 3, and
4 ozone changes for the periods 1960-2080 under the several assumptions.

The best current scientific evidence supports the following conclusions:

® Calculated changes in global ozone amounts based on a true global
freeze at 1986 levels are smaller than natural ozone variations that
have been observed over the past 30 years.

® The Montreal Protocol provides a reassuring measure of environmen-
tal protection by imposing emission controls that go beyond what
current science indicates is necessary.

® There is no need to move towards greater reduction or shorter time
periods than those set forth in the Protocol.

Because uncertainties in the science remain, the Protocol requires periodic
review of scientific, environmental, technical and economic information to
assess the adequacy of the CFC emission controls. This review provision pro-
vides an effective mechanism to change the CFC control measures and to
assure that stratospheric ozone is protected if new scientific evidence shows
that a change is needed.
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Chlorine in the Atmosphere
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FIGURE 1

Future concentrations of organic chlorine compounds in the atmosphere are significantly reduced by the Montreal Protocol.
Atmospheric concentrations of the total organic chlorine—chlorine that can reach the ozone layer—are shown for three
cases:

(1) 2.5 percent per year compounded growth in global emissions of CFCs after 1986,

(2) a true global freeze of global emissions of CFCs at the 1986 rate, and

(3) global emissions of CFCs as specified by the Protocol.

Note that by the year 2025, total atmospheric chlorine for the Protocol case is only about one-half that for. the growth
case.
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