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PREDICTING THE HEALTH
OF THE OZONE LAYER TO
ENSURE ITS PROTECTION
The phasing out of ozone-depleting gases has set the ozone layer
on the road to recovery. However, atmospheric changes wrought
by rising greenhouse gas levels may represent a new threat to
Earth’s protective shield. Dr Susan Strahan from the NASA Goddard
Space Flight Center and Dan Smale from the National Institute of
Water and Atmospheric Research (NIWA) in New Zealand combine
atmospheric measurements with simulations to track and explain
recent changes to the ozone layer, towards ensuring its protection
into the future.

Monitoring Ozone
The complexity of the atmosphere is
considerable, and scientists continue
to devote much time to further our
understanding about how it functions.
An increased understanding about
how human activity influences the
atmosphere enables governments and
industries to reduce their environmental
impact when making decisions.

to ultraviolet light in the upper
atmosphere, these CFCs release
chlorine atoms, which can then go on
to break down ozone molecules. The
combination of chlorine atoms and the
very cold atmosphere over Antarctica
in winter led to a region of severe
seasonal depletion – or the ‘ozone hole’
– allowing more harmful UV radiation to
reach the Earth’s surface.

One especially important example of
a response to an environmental crisis
is the Montreal Protocol. Drawn up
in 1987, this protocol established a
worldwide commitment to reducing
the production of substances
that deplete atmospheric ozone,
particularly chlorofluorocarbons ‘CFCs’,
which had been used for decades
in air conditioners, refrigerators and
aerosol sprays. By the early 1990s,
the production and consumption of
CFCs was completely banned in many
countries.

Since the Montreal Protocol was
conceived, scientists have been
monitoring the state of the ozone layer
to understand its response to reduced
CFC emissions. However, rising levels
of greenhouse gases, such as carbon
dioxide, represent a new and poorly
understood threat to atmospheric
ozone. High-quality data collection,
alongside atmospheric modelling, can
allow scientists to build an accurate
picture of how the ozone layer is
changing, and how it is likely to evolve
in response to further increases in
greenhouse gas levels.

Because of their inertness and
widespread use over a long period,
high levels of CFCs ultimately ended
up in the atmosphere. When exposed

With their global team of scientists,
Dr Susan Strahan of the Universities
Space Research Association and NASA
Goddard Space Flight Center in the
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US, and Dan Smale from the National
Institute of Water and Atmospheric
Research in New Zealand, are using
real-world data to test whether models
can accurately simulate atmospheric
processes influencing the ozone layer.
‘We want the atmospheric models to
be as good as they possibly can be,
because we use them to predict how
the ozone layer may change as levels
of greenhouse gases rise,’ explains Dr
Strahan. ‘The ozone layer is our planet’s
sunscreen, so it’s quite important to
know whether we’re doing anything to
harm it.’
Dr Strahan and Smale are both
members of the Network for the
Detection of Atmospheric Composition
Change (NDACC), a global collaboration
between scientists created in 1991.
NDACC’s primary objective is to create
global long-term records of high-quality
atmospheric composition in order
to detect trends. Smale is a Principal
Investigator of one of the NDACC
instrument working groups and Dr
Strahan is a member of the NDACC
Steering Committee who provides
model simulations that support analysis
of NDACC observations.

Experiments First, Models Second
Over the past few years, Dr Strahan
and her collaborators have published
observational evidence and modelling
research showing that the ozone hole is
healing. This research was challenging,
as CFCs can linger in the atmosphere
for decades, making it difficult to
identify clear signs of ozone recovery.
Eventually, the team demonstrated
how the reduction in chlorine levels
(released from CFCs) correlated with the
extent to which ozone was recovering.
Interestingly, the increase in ozone
levels is greatest near the edges rather
than the centre of the hole.
‘Using model simulations and
measurements of the chemical
composition of the ozone hole over
the past three decades, we now know
that the Montreal Protocol has been a
success,’ says Dr Strahan. ‘The ozone
hole is shrinking and it’s because
levels of ozone-depleting substances
are declining. We wouldn’t know this
without models and measurements
working together.’
For decades, Dr Strahan has used
high-quality observational data,
such as those collected by Smale, to

improve the accuracy of atmospheric
chemical models that simulate the
past. Those improvements, along with
computational advances and more
sophisticated weather models, have
made it possible to develop a robust
model that describes the chemical state
of the atmosphere at a given location
and point in time in the recent past.
The improved chemistry in this model
can then be used in climate models that
make predictions of future scenarios.
For example, Dr Strahan can input
variables that describe expected future
levels of carbon dioxide, and then
find out how this greenhouse gas will
affect atmospheric circulation, which
may damage the ozone layer. ‘Such
predictions are tricky because there are
competing effects,’ she explains. ‘While
carbon dioxide is increasing, the CFCs
that destroy ozone are also greenhouse
gases and they are decreasing.’
Dr Strahan, Smale and other researchers
in the field present their combined
results in documents such as the
‘Scientific Assessment of the Ozone
Layer’, which is published by the World
Meteorological Organization (WMO).
This document is used by policymakers
and industry leaders to make informed
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decisions about how to minimise any
future impacts on atmospheric ozone.
As such, it is vital that the models are
reliable and that any discrepancies
with real-world findings are rectified.
‘Measurements provide critical
feedback to models, showing us what
the models are getting right and where
improvements are needed,’ says Dr
Strahan.
However, different research groups
publish work based on different
models, which don’t always lead to the
same conclusions. These differences
introduce doubt and undermine the
credibility of atmospheric models and
their subsequent recommendations.
These conflicting issues are one of
the focal points of Dr Strahan’s latest
research.
Modelling Atmospheric Chemistry
Dr Strahan focuses on a type of model
known as a Chemistry Transport Model,
or CTM. CTMs utilise meteorological
analyses, produced by the same models
that predict the weather – which
assimilate temperature, humidity, wind
speed, and other data measured at
locations spread out over the Earth’s
atmosphere. The meteorological

analyses are able to accurately model
other unexplored regions, filling in the
blanks, and thus yield an overview
of the state of the entire atmosphere
with remarkable accuracy. Using these
analyses, the CTM then calculates the
global chemical composition.
‘CTMs allow us to “look under the hood”
and see in detail how the atmosphere
has been evolving over the past 30
or so years,’ Dr Strahan explains.
‘This is about how long we’ve had
meteorological analyses good enough
to do this kind of work.’ However, CTMs
only represent sequences of events
that have already occurred. To forecast
future atmospheric composition, the
chemistry provided by CTMs is used
in climate models, such as Chemical
Climate Models (CCMs).
CCMs make predictions by applying
fundamental physical laws that govern
the behaviour of energy and matter in
the atmosphere. If a CCM consistently
produces changes in chemical
composition and meteorology similar
to what has been observed in the past,
then it may reliably predict results for
a future date. Like all models, however,
CCMs are not perfect and do not
consider all factors. Specifically, CCMs
do not fully accommodate the effect
of minor atmospheric motion, which
can have a significant influence on
how energy and matter are distributed.
Additionally, many CCMs do not include
the oceans. This can greatly affect
predictions, considering that significant
heat exchange occurs between the
atmosphere and ocean.
‘Studies using CCMs try to predict how
atmospheric composition will change in
the future as greenhouse gases increase
and CFCs decline,’ describes Dr Strahan.
‘We try our best to make CCMs that
generate realistic meteorology, but they
have shortcomings. For example, we
know that they are unable to produce
as much composition variability as we
observe in the ozone layer and this is
because CCMs can’t represent all the
small-scale waves that are important
drivers of atmospheric motions.

This can lead to errors predicting
atmospheric circulation trends in
the future, thereby impacting ozone
predictions.’
Discrepancies Between Simulations
One example that illustrates the
discrepancies between simulations
is about how the so-called ‘age of air’
across each hemisphere has changed.
Gases emitted from the ground can
migrate to the stratosphere, where the
ozone layer resides, and back down to
the lower atmosphere. The average time
taken for air to travel from the Earth’s
surface to the stratosphere is known
as the average age of air. This value is
not measured directly but inferred from
trace gas and meteorological data.
Dr Strahan and Smale performed an
analysis of 25 years’ worth of NDACC
nitric acid and hydrogen chloride
observations in the atmosphere.
Their analysis indicated that the time
air spends in the stratosphere in the
southern hemisphere is decreasing
with respect to that in the northern
hemisphere. A parallel analysis of
the CTM over the same time period
produced very similar results, allowing
them to look inside the model to learn
additional details of how atmospheric
chemistry and meteorology were
changing. These results contrast with
most CCM studies, some of which
predict the opposite change, while
many predict a decrease in the travel
time in both hemispheres.
The circulation of air can influence the
distribution of ozone and CFCs across
the stratosphere, and so it is important
to model the circulation accurately.
The differences between CTM and CCM
results are a concern because climate
scientists use CCMs to predict the future
state of the ozone layer.
When Strahan, Smale and their team
zoomed in on the 25-year trend line,
they noticed that the line was not
straight, but oscillated over a five-year
period – a feature not produced by the
CCMs. The oscillation indicated that the
age of air trends in both hemispheres
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seesaws over periods of about five
years. This may explain the different
conclusions given by other reports that
used shorter data records.
Over a longer period of 25 years, the
team noticed an overall trend showing
that the age of air in the southern
hemisphere was getting younger relative
to the northern hemisphere. But the
trend was small and required a long
data record in order to see beyond the
oscillations. Consequently, the team
recommended in their report that all
trend analyses examine observations
spanning a time period of at least
20 years to avoid bias due to the
oscillations. The team proposed that the
oscillating nature of the trend line was
a result of the interaction between the
oscillating easterly and westerly winds
near the equator and the circulation of
air from the warmer tropical regions to
the poles. CCMs are known to struggle
to realistically produce these oscillating
winds, which may explain their inability
to match the observations.
The work of Dr Strahan, Smale and their
colleagues demonstrates the need to
constantly improve models by testing
them with real-world data, so that they
yield reliable predictions. Long-term
measurement networks such as NDACC
play an essential role in filling this need.
The end goal of their efforts will instil
more confidence in the models and help
global leaders make better informed
decisions, towards protecting the ozone
layer in the face of rising greenhouse
gases.
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