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What are ‘non-CO2 emissions’? (as distinct from ‘effects’)

Lee et al. (2009), based on Prather et al. (1999) and Wuebbles et al. (2007)
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(we have known about this a long time and more uncertainties have been revealed as we increase our knowledge)

A historical perspective

International Assessments of 
the IPCC and WMO/UNEP 
Stratospheric Ozone Assessments

Foundations of RF

Manabe and Wetherald, 1967
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Incoming shortwave 
radiation

CO2, N2O, CH4, CFCs, 
HFCs, HCFCs, 

clouds, aerosols etc.

Incoming ≠ outgoing
resulting in a new global 

mean surface 
temperature

Outgoing longwave 
radiation

In balance – radiative equilibrium,
leading to long term stable global mean

surface temperatures

Out of balance – ‘radiative forcing’,
leading to increased global mean

surface temperatures

Ts =  RF 
Where  is the climate sensitivity parameter in K (Wm-2)-1 



5

Lee et al. (2021) Atmospheric Environment
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CO2-equivalence metrics
There are a number of different 
CO2-e metrics, they do different 
things and there are two issues:

• Underlying inherent 
radiative uncertainty, 
extending into climate 
sensitivity

• User related choices of 
metric, application, time 
horizon

Lee et al. (2023) Atmospheres
(based on data from Lee et al., 2021)
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Thank You
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