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“Greenhouse Effect”   - Some early history

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 trap 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.



1856 edition of the American Journal of Science and Arts



Eunice Foote’s experiments 

• used two glass cylinders (diameter 4 “ and length 30”)

• In 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.

This showed that the more air in the tube, the greater the heating effect.



Secondly, she tried moist and dry air.

Then she tried carbonic acid gas (carbon dioxide)



She also tried hydrogen gas and oxygen.

Her overall results were:

She then proposed:

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.



Incoming solar radiation and outgoing thermal 
radiation from the Earth



Schematic of radiation balance for Earth

Kiehl and Trenberth 1997 , updated 2009.

http://www.atmo.arizona.edu/students/courselinks/spring04/atmo451b/pdf/RadiationBudget.pdf


s

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”.  It 

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.  



Methane, nitrous 

oxide and other 

fluoro and 
hydrocarbons 

are more 

powerful 

greenhouse 

gases than 

carbon dioxide 

but their 

concentration is 

much less and 
their life-time is 

shorter



EARTH’S ENERGY BALANCE
Earth receives 

from the Sun 240 
Watts of energy 
per square meter

Earth’s temperature 
rises to restore the 
balance

Earth emits back 
to space 240 

Watts of energy 
per square meter

Increasing CO2

changes the 
energy balance 
by reducing the 
amount of 
energy emitted 
to space

Graphic from Anthony J. Broccoli, Rutgers University



Long wave – thermal radiation

The energy is absorbed and then re-
transmitted at the temperature  of the  
layer of the atmosphere.

So, a basic statement of the “greenhouse effect”:
An increase of gases such as CO2 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. 



https://keelingcurve.ucsd.edu/
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https://www.abc.net.au/news/rural/2021-09-28/zero-emission-agriculture-global-

warming/100496270



IPCC DEFINES RADIATIVE FORCING OVER THE 
INDUSTRIAL PERIOD:

• IPCC uses the concept 
radiative forcing of 
changes from pre-
industrial times (around 
1800) to the present. 

The estimate is a few W/m2 of net extra positive 
forcing over the industrial period. Currently it has 
reached about 3 W/m2 .



 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/m2

 There is net energy flow into the earth-ocean system (especially ocean 

temperatures) Around 1 W/m2 

 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/m2 ) 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/m2

− 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!

The impact



IPCC Working Group 1 report – August 2021



Observational evidence





There is a lot of ocean to warm up!



https://www.industry.gov.au/publications/prime-ministers-prizes-science-

2022/2022-prime-ministers-prize-science

Guardian.com





Climatefeedback.org





https://www.drroyspencer.com/latest-global-temperatures/



“Attributing" 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. 

But spread could change – more extremes at either end – e.g. jet 
stream meanders northern hemisphere



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











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.











https://www.ametsoc.org/index.cfm/ams/publications/bulletin-of-the-american-

meteorological-society-bams/state-of-the-climate/



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.)





https://skepticalscience.com/

Intergovernmental Panel on Climate Change (IPCC)    ipcc.ch

Australian Academy of Science
https://www.science.org.au/education/immunisation-climate-change-
genetic-modification/science-climate-change

Bureau of Meteorology/CSIRO  
https://www.climatechangeinaustralia.gov.au/en/
http://www.bom.gov.au/climate/change/

https://skepticalscience.com/
ipcc.ch
https://www.science.org.au/education/immunisation-climate-change-genetic-modification/science-climate-change
https://www.climatechangeinaustralia.gov.au/en/
http://www.bom.gov.au/climate/change/

