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1824: Joseph Fourier (France) calculated that the earth should

have been colder. He proposed that the atmosphere could
modify the earth’s climate by allowing sunshine in, but impeding
the escape of heat back to space.

1827 and 1838: Claude Pouillet (France) developed Fourier’s
work and speculated that water vapour and carbon dioxide

might tfrap infrared radiation in the atmosphere, warming the
earth enough to support plant and animal life.

1856: Eunice Foote (USA) reported experiments on the
contribution of carbon dioxide and water vapour to heating
under sunlight. She described her findings in a paper, "Circumstances
Affecting the Heat of the Sun's Rays", that she submitted for the tenth
annual meeting of the American Association for the Advancement of
Science (AAAS) meeting, held on August 23, 1856, in Albany, New
York.
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» used two glass cylinders (diameter 4 “ and length 307)
« |n each were two mercury-in-glass thermometers

In the first experiment, one cylinder had compressed air and the
other was partly evacuated.

Once both thermometers read the same temperature, she placed
them in the sun and then in the shade. When they were in the sun
she noticed that they reached different temperatures.
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This showed that the more air in the tube, the greater the heating effect.
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This was a clear proposal that increased levels of carbon dioxide in the
atmosphere could cause warming.

The famous English scientist John Tyndall made more detailed experiments

in 1859 and proposed a similar theory. He did not acknowledge the work of
Eunice Foote and may not have known of them.



In’corﬁmg solar radiation and outgoing thermal
radiation from the Earth
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http://www.atmo.arizona.edu/students/courselinks/spring04/atmo451b/pdf/RadiationBudget.pdf
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Most visible light is able to reach the earth’s surface, but the
thermal (infrared) radiation from the surface has to make its way
through absorbing gases, except in the “atmospheric window”. |t

does not mean that radiation at those wavelengths is blocked from
leaving — rather radiation will be emitted from higher in the
atmosphere and so at a lower temperature.
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EARTH'S ENERGY BALANCE

Earth receives
from the Sun 240
Watts of energy

per square meter Earth emits back

to space 240
Watts of energy
per square meter

Increasing CO,
changes the
energy balance
by reducing the
amount of
energy emitted
to space

Graihic from Anthoni J. Broccoli, Rutiers Universiti

Earth's femperature
rises to restore the
balance
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So, a basic statement of the “greenhouse effect”:

An increase of gases such as CO, makes the atmosphere more opaque at infrared
wavelengths. As a consequence, the earth’s heat radiation to space comes from
higher, colder levels in the atmosphere, thus reducing emission of heat energy to
space. The temporary imbalance between the energy absorbed from the Sun and
heat emission to space, causes the planet to warm until planetary energy balance is

restored.



Carbon dioxide concentration at Mauna Loa Observatory
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ED: Concentration (ppm)

250

R—___

Ice-core data before 1958. Mauna Loa data after 1958.
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HOW GREENHOUSE GASES WARM OUR PLANET

Fluorinated

gases
Nitrous /

oxide

B%

Methane
16%

Carbon dioxide
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Carbon Methane Nitrous  Fluorinated
dioxide oxide gases
The global warming potential (GWP) of human-generated How much each human-caused
greenhouse gases is a measure of how much heat each greenhouse gas contributes to total
gas traps in the atmosphere, relative to carbon dioxide. emissions around the globe.

https://www.abc.net.au/news/rural/2021-09-28/zero-emission-agriculture-global-
warming/100496270
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ES RADIATIVE FORCING OVER THE
INDUSTRIAL PERIOD:

Radiative forcing (Wm-2)

* |PCC uses the concept
radiative forcing of
changes from pre-
industrial times (around
1800) to the present.

The estimate is a few W/m? of net extra positive
forcing over the industrial period. Currently it has
reached about 3 W/m?-
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The impact
« The earth has warmed up and so its emission of heat to space has increased,
in response to the greenhouse gas forcing. Around 1 W/m?

» There is net energy flow into the earth-ocean system (especially ocean
temperatures) Around 1 W/m?

» Since industrialisation, global warming is less than what might be expected
from increased greenhouse gas concentrations, if this had been the only
change. There has been an offsetting effect from aerosols + aerosol effects
on clouds (1 — 1.5 W/m?) due to:

~ Large volcanic eruptions (e.g. Krakatoa in 1883 or Mt Pinatubo in 1991) that
cause short-lived but quite large negative forcing, -3 to -4 W/m?

— air pollution from industry, traffic, and large scale burning of forests.(However,
the air pollution is being cleaned up!)

» About 90% of the extra energy at the surface is going into heating the ocean,
rather than the land and atmosphere. It takes a lot of energy to heat the
ocean!
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Figure 7.6: Change in effective radiative forcing from 1750 to 2019 by contributing forcing agents (carbon

IPCC Working Group 1 report — August 2021

dioxide, other well-mixed greenhouse gases (WAGHGs), ozone, stratospheric water vapour,
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Observational evidence
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Global Ocean Temperature, 0 - 700m

Data source: NODC [National Oceanceraphic Data Center), USA
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There is a lot of ocean to warm up!
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Trevor McDougall wins $250,000
science prize for researching ‘thermal
flywheel’ of climate system

Oceanographer takes top honours in prime minister’s prizes for
science after researching ocean's role in regulating climate

Guardian.com

Follow our Australia news live blog for the latest updates

Get our morning and afternoon news emails, free app or daily
news podcast

I

When Trevor McDougall began studying the ocean in the 1970s he had no

idea that his field would become a crucial part of climate science.

https://www.industry.gov.au/publications/prime-ministers-prizes-science-
2022/2022-prime-ministers-prize-science
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Global Mean Sea Level Change
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“Attri 'ﬁtlné* a particular event to climate change is difficult in most cases.
The climatologists prefer to say "such an event is much more likely under
climate change" as the average conditions change.
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But spread could change — more extremes at either end — e.g. jet
stream meanders northern hemisphere
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State of the Climate 2022

|

Report at a glance

http://www.bom.gov.au/state-of-the-climate/



Temperature anomaly (°C)
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Australia’s climate has warmed
NN since national records began in
. 1910. The oceans surrounding
o 1o | Australia have also warmed.
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The ocean surface around Australia has warmed,
with the greatest ocean warming occurring off
south-east Australia and Tasmania.

Trend in
sea surface
temperature
(°C per
decade)
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Source: Bureau of Meteorology
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Change in number
of dangerous fire
weather days
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There has been an increase in the
annual frequency of dangerous
fire weather days across Australia.
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There has been an increase in the number of days with dangerous weather
conditions for bushfires. The map shows the change in the annual (July to June)
number of days that the FFDI exceeds its 90th percentile between the two
periods: July 1950 to June 1986 and July 1986 to June 2022. The FFDI is an
indicator of dangerous fire weather conditions for a given location.



Annual minimum temperature anomaly
Australia (1910 to 2021)

Australian Bureauof Meteom logy

Minimum temperature anomaly (°C )

Annual maximum temperature anomaly
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Trend in total rainfall
Annual 1970-2020

Awustralian gridded climate data
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Sea-ice extent anomaly (x10° km?)
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declined sharply since 2015.
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Fossil fuel burning
40 is the main source
of CO..
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https://www.ametsoc.org/index.cfm/ams/publications/bulletin-of-the-american-
meteorological-society-bams/state-of-the-climate/



r(a) Extreme géa-lé\)el events during 2021 (b) Relationship to SLA
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The map on the left shows the number of extreme sea level events measured at 114 tide
gauges during 2021. The graph on the right shows the relationship between the number of
extreme events at each location and the annual sea level departure from average from that
location. Twenty of the 114 locations experienced more than 10 extreme sea level events during
2021 (represented by squares), and were especially concentrated in the tropical western Pacific
and in a diagonal region of the South Pacific near where annual sea levels were the highest

compared to their long-term averages. Extreme sea level is defined as a daily sea level
measurement in its highest 1% compared with all measurements for that particular location.
Over time, the median number of extreme sea level events per year and location increased
from one during 1993-97 to four during 2017-21. (Figs. 3.17a,b in State of the Climate in 2021,
see discussion in section 3f.)
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