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Greenhouse gases

¢ Global average concentrations of all the major long-lived greenhouse gases continue to rise in the atmosphere,
with the global annual mean carbon dioxide concentration reaching 410 ppm and CO, equivalent reaching

508 ppm in 2019.

¢ The rate of CO, accumulation in the atmosphere has increased with every passing decade since atmospheric

measurements began.

¢ Despite the slow-down in global fossil fuel emissions of CO, from early 2020 associated with the COVID-19
pandemic, there will be negligible impacts in terms of climate change. Atmospheric CO, continues to rise, and
fossil fuel emissions will remain the principal driver of this growth throughout 2020 and likely beyond.

The global annual mean CO, level in
2019 was 410 parts per million (ppm),
marking a 47 per cent increase from the
pre-industrial concentration of 278 ppm
in 1750. The rise in atmospheric CO; has
been caused by emissions from fossil
fuel use and land-use changes, leading
to increased heat energy in the Earth’s
climate system.

Cumulative emissions of CO, will largely
determine the speed and magnitude of
global mean surface warming during
this century and beyond. By 2019

human activities had already emitted
70 per cent of the cumulative emissions
allowed to keep global temperatures
below 2 °C warming (since 1850)

with at least a 66 per cent chance.
Because increased levels of CO, and
other long-lived greenhouse gases,

i.e. methane (CHg4), nitrous oxide (N,O)
and some synthetic gases such as the
chlorofluorocarbons (CFCs), persist in
the atmosphere for decades to centuries,
further warming and sea level rise

is inevitable.

The Cape Grim Baseline Air Pollution
Station, located at the northwest

tip of Tasmania, is a key site in the
World Meteorological Organization’s
Global Atmosphere Watch program.
Atmospheric concentrations of CO,
measured at Cape Grim, like other
stations around the world, show a
persistent and accelerating upward
trend. The annual average at Cape Grim
reached 400 ppm in 2016 and climbed to
407 ppm in 2019, slightly lower than the
global average.

18 Greenhouse gases

Cape Grim CO, concentrations are
generally lower than global averages
because most CO, sources are in

the northern hemisphere and it

takes many months for this CO,-rich

air from the north to mix into the
southern hemisphere and appear in the
Cape Grim observations.

biomass, making this an unusually

large source of CO, from the Australian
continent for that period. These bushfire
emissions marginally accelerated growth
in CO; concentrations at Cape Grim.
Conversely, the impact of the COVID-19
pandemic has reduced fossil fuel

CO; emissions in many countries,
including Australia. Over the first three
months of 2020, global CO, emissions
declined by 8 per cent compared to

the same three months in 2019, while
global daily fossil fuel emissions were

17 per cent less in early April 2020
compared to the same period in 2019.

Two significant events from late 2019 and
into 2020 have had subtle and opposing
effects on the clean air CO; signal
measured at Cape Grim. The extent

and duration of the 201920 Australian
bushfires burnt a large amount of

410 [

CO, measured at Cape
Grim has increased at

400 - et accelerating rate

over the past 45 years.
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Background hourly clean-air CO, as measured at the Cape Grim Baseline Air Pollution
Station from 1976 through to June 2020. The hourly data represent thousands of individual
measurements. To obtain clean air measurements, the data are filtered to include only periods
when air has come across the Southern Ocean and is thus free from local sources of pollution.
The increase in CO, concentration for each decade from 1980 to 2019 (1January for the start

year and 31 December for the end year) is also shown.



However atmospheric CO; is still
increasing and reduced emissions

due to COVID-19 will likely reduce CO,
accumulation in the atmosphere by
only about 0.2 ppm throughout 2020.
This is only about 10 per cent of the
recent CO, growth rates of 2 to 3 ppm
per year and, at most, 20 per cent of
the year to year variability (~1 ppm)
due to fluctuations in the natural
carbon cycle. The effect on atmospheric
greenhouse gas levels from COVID-19
related emissions reductions in 2020
will therefore be barely distinguishable
from natural variability and negligible

in terms of the mitigation needed to
stabilise the climate.

Globally averaged atmospheric
concentrations of all major long-lived
greenhouse gases and the radiative
forcing of a group of synthetic

(i.e. industry-made) greenhouse gases,
continue to rise.

The climate effect of the changes in

all the long-lived greenhouse gases

in the atmosphere combined can be
expressed as an enhancement of the net
radiation, or radiative forcing. CO; is
the largest contributor to this, but
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other gases also make substantial and
increasing contributions.

The impact of all greenhouse gases

can be converted to an equivalent CO,
(CO3-e) atmospheric concentration.

The annual average CO,-e measured at
Cape Grim reached 503 ppm in 2019,
which is almost twice the pre-industrial
level of 278 ppm in 1750. Measurements
of the carbon isotopic ratios in CO,
(thatis, carbon-13 and carbon-14, relative
to carbon-12) confirm that the increased
CO, originates primarily from fossil fuel
and land clearing emissions.
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Global CO,
equivalent
reached 508 ppm
in 2019.

Global mean CO,
reached 410 ppm
in 2019.
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Left: Radiative forcing relative to 1750 due to the long-lived greenhouse gases carbon dioxide, methane, nitrous oxide and the synthetic
greenhouse gases, expressed as watts per metre squared. Right: Global mean CO, concentration and global mean greenhouse gas

concentrations expressed as CO, equivalent (ppm). CO, equivalent is calculated from the atmospheric concentrations of carbon dioxide,
methane, nitrous oxide and the suite of synthetic greenhouse gases.
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Measurements of air extracted

from Antarctic ice cores extend the
atmospheric composition record

back before direct observations.
These measurements show that CO,
concentrations were relatively stable
and averaged around 280 ppm for
most of the last 2000 years until
recently increasing rapidly from about
1850 to present day concentrations.

Over the previous 800,000 years, CO»
concentrations varied between about
170 ppm during colder glacial periods to
nearly 300 ppm during warmer periods
like today. Air extracted from Antarctic
ice has recently enabled the record to be
extended back to two million years ago,
at discrete intervals, showing that CO,
concentrations during the past century
are higher than at any time in the ice

Rate of CO; rise

was up to 10 ppm
per century.

core record. Even older atmospheric

CO; concentrations can be inferred

from ocean sediments and show that
the last time that atmospheric CO,
concentrations were the same or higher
than today was the Pliocene epoch,

over 2.6 million years ago, when mean
global temperatures were 2—3 °C warmer
than today.

The CO; level at Cape Grim
reached 407 ppm in 2019, and is

increasing at 2 to 3 ppm per year.

The rate of CO; rise is
over 100 ppm per century
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Atmospheric CO, concentrations, for the past 800,000 years (left), and for the past 2000 years (right). The time series, and information
in the text boxes, are from measurements of air in Antarctic ice cores and at Cape Grim. Though there has been variability in the past, the
rate of growth of CO, over the past century far exceeds (by a factor of 10 or more) the rate during the most rapid natural changes in the

past (which occurred during de-glaciations).
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Global carbon budget

Emissions of CO; from fossil fuel use
and changes in land use have continued
to increase. In the decade from 2009

to 2018, average global emissions were
41 £ 2.9 gigatonnes (Gt) of CO, per year
(one gigatonne is equal to one billion
tonnes). Around 85 per cent of global
CO; emissions were from fossil fuels
and 15 per cent from land-use change.
Emissions reached an all-time high of
42.9 + 2.8 Gt CO; in 2019. Emissions
resulting from land-use change were
higher in 2019 than the decadal average
due to increased fire activity, particularly
in Brazil.

The uptake of carbon into ocean and
land sinks has grown in response to the
accumulation of CO, in the atmosphere.
In the decade from 2009 to 2018, the
ocean and land sinks removed on
average 9 £ 2 and 12 + 2 Gt of CO, per
year, respectively. Combined, these sinks
are removing more than half of all CO,
emissions from human activities and
thus are slowing the rate of increase in
atmospheric CO,.

Despite this important uptake by the
land and ocean sinks, atmospheric CO,
has continued to increase, growing by
18 Gt CO; per year over the decade from
2009 to 2018.

Fossil fuel burning
is the main source

Emissions
from fossil fuel
and industry

Emissions from
land-use change

Ocean sink

Land sink

CO; flux (Gt CO, per year)

CO, is absorbed by

30 I the ocean and land Gaps in data and process
- or remains in the understanding—an area Atmosphere
atmosphere. of active research,
_40 -
Il Il Il Il
1850 1900 1950 2000 2018

Time series showing the input CO, fluxes per year (above zero on plot) from 1850 to 2018 due
to emissions from fossil fuels and industry and land-use change; the amount of CO, taken up
each year by the oceans and land; and the net CO, being added each year to the atmosphere.
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Future climate

A new set of simulations from the latest
generation of global climate models are
now available, including simulations
from Australia’s climate model,

ACCESS. Analyses show that these new
results are largely consistent with the
existing projections for Australia at
www.climatechangeinaustralia.gov.au,
and add new insights. They show that
over the coming decades, Australia is
projected to experience:

e Continued warming, with more
extremely hot days and fewer
extremely cool days.

e Adecrease in cool season rainfall
across many regions of the south
and east, likely leading to more time
spent in drought.

e Alonger fire season for the
south and east and an increase
in the number of dangerous fire
weather days.

e More intense short-duration
heavy rainfall events throughout
the country.

Fewer tropical cyclones, but a
greater proportion projected to be
of high intensity, with ongoing large
variations from year to year.

Fewer east coast lows particularly
during the cooler months of the
year. For events that do occur, sea
level rise will increase the severity of
some coastal impacts.

More frequent, extensive, intense
and longer-lasting marine heatwaves
leading to increased risk of more
frequent and severe bleaching events
for coral reefs, including the Great
Barrier and Ningaloo reefs.

Continued warming and acidification
of its surrounding oceans.

Ongoing sea level rise. Recent
research on potential ice loss from
the Antarctic ice sheet suggests that
the upper end of projected global
mean sea level rise could be higher
than previously assessed (as high

as 0.61to 1.10 m global average by
the end of the century for a high
emissions pathway, although these
changes vary by location).

e More frequent extreme sea levels.
For most of the Australian coast,
extreme sea levels that had a
probability of occurring once in
a hundred years are projected to
become an annual event by the
end of this century with lower
emissions, and by mid-century for
higher emissions.

Projections of Australia’s average
temperature over the next two
decades show:

e Every year is now warmer than the
range it would have been in a world
without human influence, known as
climate change ‘emergence’.

e The year 2019 was Australia’s
hottest year on record, due to the
combination of climate variability
and long-term warming. This is
expected to be an average year
in a world where the global mean
temperature is 1.5 °C above the
pre-industrial baseline period of
1850-1900.

Fewer tropical cyclones,
but a greater proportion
of high-intensity storms

Sea level rise
to continue

Heavy rainfall
to become
more intense

Warmer with
more heatwaves,
fewer cool days
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http://www.climatechangeinaustralia.gov.au
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While the current decade is warmer
than any other decade over the

last century, it is also likely to

be the coolest decade for the
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The amount of climate change
expected in the next decade is
similar under all plausible global
emissions scenarios. However,
by the mid-21st century, higher
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ongoing emissions of greenhouse only be explained by <
gases will lead to greater warming 205 - human-caused emissions. [
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warming and fewer impacts. ) . .
Australian average annual temperature observed and simulated from global climate models.

Past and future bands show the range of 20-year running average of new generation climate
model results, dashed lines show the equivalent from the previous generation of global climate
models. Climate without warming trend shows both an inner and an outer band which are one and
two standard deviations, respectively, from the 1850-1900 average, i.e. prior to the rapid growth

in greenhouse gas emissions from human activities. The black dashed lines show the Australian
equivalent of the global warming thresholds 1.5 °C and 2 °C above the pre-industrial baseline period
1850-1900, equating to warming levels of around +2.1 °C and +2.8 °C respectively, based on the
observed ratio of Australian to global temperature of around 1.4.

Evaluation of average annual rainfall projections for Australia

Climate projections are given for a w w — T w

future climate per']od relative to a past Victoria Southwest Western Australia
baseline. Recent climate projections 900 n 4 r 1
estimated changes in rainfall from

1986-2005 to 2020-2039. Now that it 300 | 1L |
is 2020, we can see how the observed

rainfall trend is tracking against these g 1 LK |
projections. This is an indication of € ~ q N

their reliability thus far, noting that £

the projections can’t be fully evaluated f_u 600 - [ 0 1
until the climate of 20202039 has %

emerged in its entirety. & 500 - 1t §
Rainfall in southwest and southeast

Australia has been declining in recent 400 - 1T 1
decades and is projected to likely Projected range "
decline further, especially in the cooler 300 - 4 | — Observed rainfall 4e
half of the year. The observed 20-year = Observed 20-yr running average ;
running average annual rainfall has 200 T N S S S T S S S 3
been tracking the dry end of the 1950 1960 1970 1980 1990 2000 2010 2020 1950 1960 1970 1980 1990 2000 2010 2020
projections (even though year-to-year

values may fall outside the range), Evaluation of average annual rainfall projections for two example regions in Australia.
showing that the observed trends Projected range starts at 1995 (mid-point of the 1986—2005 baseline).

are consistent with these projected Left: For Victoria, projection from the Victorian Climate Projections 2019 VCP19;

changes in rainfall. Importantly Right: Sout.hwest Western Agstr.alia, projection.from Climate Change in Austr{ali‘a, thel
. . . national climate change projections for Australia. Southwest Western Australia is defined

ther"e 15. no evidence th?t th? climate as a cluster of Natural Resource Management regions covering the southwest of the State;

projections are overestimating the and differs from the area in the rainfall section.

ongoing drying trend to date.
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https://www.climatechangeinaustralia.gov.au/en/climate-projections/future-climate/victorian-climate-projections-2019/
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About State of the Climate

The State of the Climate report draws on the latest monitoring, science and
projection information to describe variability and changes in Australia’s climate.

Changes to our climate affect all Australians, particularly the changes associated
with increases in the frequency or intensity of heat events, fire weather and
drought. Australia will need to plan for and adapt to climate change.

This is the sixth State of the Climate report. The report has been published
every two years since the first report in 2010.

Further information

The Bureau of Meteorology

The Bureau of Meteorology is Australia’s national weather, climate, ocean and
water agency. Through regular forecasts, warnings, monitoring and advice
spanning the Australian region and Antarctic territory, the Bureau provides one
of the most fundamental and widely used services of government.

bom.gov.au/state-of-the-climate
helpdesk.climate@bom.gov.au

CSIRO

CSIRO is Australia’s national science agency, solving the greatest challenges
through innovative science and technology. CSIRO uses collaborative research
to turn science into solutions for food security and quality; clean energy

and resources; health and wellbeing; resilient and valuable environments;
innovative industries; and a secure Australia and region.

csiro.au/state-of-the-climate
csiro.au/Contact
1300 363 400

Further information about the content of this report, and a list of references is
available online.

Copyright and disclaimer

To the extent permitted by law, all rights are reserved, and no part of this
publication covered by copyright may be reproduced or copied in any form or by
any means except with the permission of CSIRO or the Bureau of Meteorology.

It is advised that users seek additional information or expert scientific advice
before using the contents of this report in any specific situation.
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