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Global atmospheric concentrations of the major long-lived greenhouse gases,
carbon dioxide (CO,), methane (CH,), nitrous oxide (N,O) and a group of synthetic
greenhouse gases, continue to rise. The amounts of CO,, CH4 and N,O in the
atmosphere show significant seasonal and year-to-year variabilities, but all show
ongoing upward trends.

The global mean CO; level in 2015 was 399 ppm—a 44 per cent increase from the
concentration of 278 ppm around the year 1750, and likely the highest level in at least
the past two million years. The global annual average CO; level is almost certain

to exceed 400 ppm for 2016. Measurements at Cape Grim in Tasmania exceeded

400 ppm in May 2016. The impact of all greenhouse gases in the atmosphere
combined can be expressed as an ‘equivalent CO,’ atmospheric concentration,

which reached 487 ppm in 2015.
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Global mean greenhouse gas concentrations (ppm: parts per million; ppb: parts per billion)
obtained from in situ monitoring by CSIRO and the Bureau of Meteorology (commencing
Cape Grim, Tasmania, 1976) and the Advanced Global Atmospheric Gases Experiment
(global, including Cape Grim, commencing 1978) and from measurements on flask air
samples (global, including Cape Grim, commencing 1992) and the Cape Grim Air Archive
(1978-2015) taken at the CSIRO GASLAB (Aspendale, Melbourne) laboratory. Carbon dioxide
and nitrous oxide are read from the left hand axis in measures of both ppm and ppb as
noted. Methane and synthetic greenhouse gas amounts are read from the right hand axis.
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The global annual CO; increase in 2015 was 3.0 ppm, the largest ever observed.
The previous record annual increase was 2.6 ppm, set in 2013. During 2015 the rate
of increase in fossil fuel emissions slowed. However, the strong El Nifo, which led
to increased fires and associated greenhouse gas emissions, as well as a weakening
of natural CO; sinks through drought and reduced rainfall over large regions led to
increased emissions from natural sources in 2015.

Analysis of the different types (or isotopes) of carbon in atmospheric CO, shows
that the additional CO, since 1750 in the atmosphere results from human activities,
predominantly the burning of fossil fuels.
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The decrease in the ratio of the carbon-13 isotype (53C)
that accompanies increasing CO, trends show that

the sources are fossil fuel and land-use change.

CO, concentrations have risen over the last 1000 years as shown by the red dots and orange
line. The different types of carbon in CO, tell us about its source. The vast majority of carbon
atoms are carbon-12, with only a small amount of carbon-13. Their ratio compared to a standard
is termed §"C and is shown in black and blue. It is read from the right hand axis. Increasing
negative values indicate more carbon from fossil fuels and land-use change, which release
more carbon-12. CO, and the carbon-13 isotope ratio (5"C) are measured at CSIRO from air in
Antarctic ice from the Australian Antarctic Science Program and the British Antarctic Survey
and at Cape Grim.
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Over the last 250 years, about 30 per cent of the anthropogenic (caused by human
activity) CO, emissions have been taken up by the ocean and about 30 per cent by the
land. The remaining 40 per cent of emissions have led to the observed increase in the
concentration of CO, in the atmosphere.
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Annual fluxes of CO, and their changing sources (e.g. fossil fuels) and sinks (e.g. the ocean
absorbing CO,). About 30 per cent of the anthropogenic (caused by human activity) CO,
emissions have been taken up by the ocean and about 30 per cent by land. The remaining

40 per cent of emissions have led to an increase in the concentration of CO; in the atmosphere.
Data: CDIAC/NOAA-ESRL/GCP/Joos et al., 2013 and Khatiwala et al., 2013.
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Future climate

Key points

e Australian temperatures are
projected to continue increasing
with more extremely hot days
and fewer extremely cool days.

An increase in the number of
days with weather conducive
to fire in southern and eastern
Australia is projected.

Extreme rainfall events are likely
to increase in intensity by the
end of the century across most
of Australia.

Winter and spring rainfall

is projected to decrease

across southern continental
Australia, with more time spent
in drought.

Projections suggest fewer
tropical cyclones will form in
the southern hemisphere than
are currently observed, but a
higher proportion of those will
be more intense, with ongoing
large variability from decade
to decade.

Past and ongoing emissions
commit us to further sea-level
rise around Australia in coming
decades, with ongoing sea-level
rise projected.

Oceans around Australia will

warm further and acidification
will continue—with significant
impacts on marine ecosystems.
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Observed regional trends in rainfall and temperature can seem small when compared
to daily, monthly and seasonal climate variability. However, such changes in the
average climate, experienced over multiple decades, can have a large influence on
ecosystems, agriculture and the built environment. In particular, the changing nature
of rainfall and temperature extremes can have a noticeable impact.

As Australia’s climate evolves, a number of long-term changes, such as an increase in

mean temperatures, are almost certain. The degree of change in temperature over the
next few decades is relatively clear, while the extent to which the climate will change
later in the century depends on the level of emissions now and into the future.

The Bureau of Meteorology and CSIRO, with other research institutions around
Australia, have recently completed Climate Change in Australia, which describes likely
changes to Australia’s climate over the coming century. The report and accompanying
interactive materials are available at www.climatechangeinaustralia.gov.au.

Tropical cyclones
projected to decrease
in number, but
increase in intensity

Global temperature
rise to continue

Extreme rainfall
events likely to be
more intense

Sea-level rise
to continue

Source: Bureau of Meteorology and CSIRO

Oceans around

Australia to warm
further and acidification
will continue /

Harsher fire weather
projected for southern
and eastern Australia

Decreases in winter and
spring rainfall for southern
continental Australia,

with an increase in droughts

Temperatures will
increase, with more
hot days and fewer
cool days

Why are Australia and the globe warming?

Energy comes from the Sun. In order to maintain stable temperatures at the
Earth’s surface, in the long run this incoming energy must be balanced by

an equal amount of heat radiated back to space. Greenhouse gases in the
atmosphere, such as carbon dioxide, act to increase the temperature of the
Earth’s surface, ocean and the atmosphere, by making it harder for the Earth to
radiate this heat. This is called the greenhouse effect. Without any greenhouse
gases, the Earth’s surface would be much colder, with an average temperature
of about -18 °C. For centuries prior to industrialisation the incoming sunlight and
outgoing heat were balanced and global average temperatures were relatively
steady, at a little under 15 °C. Now, mostly because of the burning of fossil

fuels and changes in land use, the concentrations of greenhouse gases in the
atmosphere are rising and causing surface temperatures to increase. There is
now an energy imbalance at the Earth’s surface of 0.65-0.80 Wm? (averaged
globally). The atmosphere and oceans will continue to warm until enough extra
heat can escape to space to allow the Earth to return to balance. Because carbon
dioxide increases persist in the atmosphere for hundreds of years, further
warming and sea-level rise is locked in.
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