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John Tyndall (1820-1893)

Tyndall J., 1861, "On the Absorption and Radiation of Heat by Gases and Vapours, and on the Physical Connexion of Radiation, Absorption, Conduction.-

The Bakerian Lecture.", The London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, Series 4, Vol. 22, pp. 169-194, 273-285

Demonstrated 

greenhouse effect in 

1859

Showed that water 

vapour was the 

strongest absorber 

of heat

CO2 also absorbs 

heat, but less so
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Discovered heat absorption by gases

in 1856, three years before Tyndall

Was first to suggest that changing carbon 

dioxide in the Earth’s atmosphere would 

change its temperature
• https://royalsocietypublishing.org/doi/10.1098/rsnr.201

8.0066

• https://archive.org/stream/mobot31753002152491#pa

ge/379/mode/2up

Eunice Foote (1819-1888)

https://www.youtube.com/watch?v=WxgAOKzOcBU

Short Film

https://royalsocietypublishing.org/doi/10.1098/rsnr.2018.0066
https://archive.org/stream/mobot31753002152491
https://www.youtube.com/watch?v=WxgAOKzOcBU
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• A rising level of CO2 in the 

atmosphere was first demonstrated in 

1960 in Antarctica, visible after only two years of measurements

Charles D. Keeling (1928-2005)

Keeling,  C.D. Tellus 12, (1960), p. 200



Carbon dioxide (parts per million)

IPCC (2021)



2021 Nobel Prize in Physics Winner
https://theconversation.com/the-most-influential-climate-science-paper-of-all-time-169382

https://theconversation.com/the-most-influential-climate-science-paper-of-all-time-169382
https://theconversation.com/the-most-influential-climate-science-paper-of-all-time-169382


Climate change is affecting every region on Earth

1.2°C

IPCC (2021)



Unprecedented in at least 2000 years

IPCC (2021) / PAGES2k / Ed Hawkins



Extreme weather events that happened 

once per decade before human influence are now…

3 times more likely 30% more likely 70% more likely

extreme heat heavy rain drought 

1.2°C

IPCC (2021) / WorldWeatherAttribution.org / 2 Rivers Remix Society / Sheikh Nasir/ S Dilip Roy/ Kongkon Karmaker / Zaian 



6 times more likely 70% more likely 2 times more likely

9 times more likely 3 times more likely 4 times more likely

2°C

4°C

extreme heat heavy rain drought 

4 times more likely 50% more likely 2 times more likely1.5°C

IPCC (2018, 2021)

Extreme weather events that happened 

once per decade before human influence will be…
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•

•

•

•

Adele Dixon (PhD student)



Possible futures
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Report link https://www.ipcc.ch/sr15/

UN Intergovernmental Panel on Climate Change meeting on 1.5 degrees

South Korea, October 2018 

https://www.ipcc.ch/sr15/
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Authors and delegates



Net-zero basics:
A key part of any Paris-aligned pathway

Source: Rogelj et al (2021) Three ways to improve net-zero emissions targets



Net-zero basics:
A key part of any Paris-aligned pathway



The Paris Agreement net zero target achieves 
more than stabilisation: a peak and decline

Source: Rogelj et al (2021) Three ways to improve net-zero emissions targets



Unless there are immediate, rapid, and large-scale reductions 

in greenhouse gas emissions, 

limiting warming to 1.5°C will be beyond reach.

IPCC (2021)
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Figure 2.6 Types of abatement in the Balanced 
Net Zero pathway 

 

Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019 ; CCC analysis. 

Notes: ‘Other low-carbon technology’ includes use of bioenergy and waste treatment measures. ‘Producing low-

carbon energy’ requires the use of carbon capture and storage (CCS) in electricity generation. 
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Current policies: 2.9°C

promises: 2.0 to 2.4°C

target: 1.5°C to 2°C

How are we doing?

ClimateActionTracker.org / Climate Analytics / NewClimate Institute

today: 1.2°C

Warming by 
2100

Fossil fuel future: more than 4°C



Understanding where current policies and pledges are leading us





Adele Dixon is doing a PhD with me on how

climate change affects corals

Nana Klutse did a Masters degree in 

atmospheric physics.
Now the chief climate negotiator for Ghana 



Professor Piers Forster

Priestley International Centre for 
Climate

University of Leeds
Twitter: @piersforster

NASA

With thanks to Tamsin Edwards





Constraining simple climate models to observations

Apply a historical temperature constraint to results

Best estimate

projection

Plausible range

Inconsistent with

observations

Inconsistent with

observations

Historical

temperature

a high future emissions 

scenario



Climate risk information based on the latest IPCC Physical Science Assessment 

(AR6)

Source: UNEP Emissions Gap Report 2021



IPCC 2021: Figure 7.18



Irreversible for hundreds to thousands of years

Ocean warming

Ice sheet loss
Sea level rise

IPCC (2021) / NASA



Unprecedented in at least 1000 years

IPCC (2021) / NASA


