
SUPPLEMENTARY WRITTEN EVIDENCE FROM THE MET OFFICE  
 

Dear Mr Harvie,  
 
During your evidence session on the Climate Change (Scotland) Bill which took place on 27 
January, you asked for witnesses views on the use of aviation multipliers. I undertook to provide 
you with a written note.  
 
Aviation emissions contribute to climate change through a variety of climate agents (carbon 
dioxide, ozone and methane, water vapour, aerosols, contrails and cirrus) with a large range of 
timescales. The objective of non-CO2 multipliers is to factor in these non-CO2 climate effects into 
an equivalent CO2 alone effect. It has been suggested that the Radiative Forcing Index –defined 
as the ratio of the total radiative forcing due to aviation to that due to CO2 alone– should be used 
as a non-CO2 multiplier for aviation. We do not believe this is appropriate because radiative 
forcing is an instantaneous rather than a forward-looking measure of climate change. As such it 
can be highly misleading, because it gives too little weight to carbon dioxide –that remains in the 
atmosphere for several hundred years after emission– and too much weight to the effect of 
condensation trails that only last for a few hours. Other metrics of climate change can be used, 
which suggests that if an aviation multiplier is to be used, it should be smaller than earlier 
suggestions that were based on the Radiative Forcing Index.  
 
In addition, multipliers have not been calculated systematically for every economic sector. Some 
sectors like shipping have a multiplier less than one because of the negative radiative forcing—or 
climate cooling—associated with emissions of short-lived sulphur dioxide and smoke particles. It 
is not clear yet how to treat less-than-one multipliers in climate policies because there are also 
good reasons to reduce aerosol emissions to improve air quality and combat acid rain.  
 
In the case of aviation there are further issues concerning the long term effects of nitrogen oxides 
on methane and ozone which are not yet well quantified.  
 
In conclusion the current scientific knowledge does not support the use of a non-CO2 aviation 
multiplier when assessing the impact of aviation emissions on climate. However, given that there 
are currently no robust alternatives, there may sometimes be a case for using RFI for illustrative 
purposes to show the non-CO2 effects of aviation until a robust measure is available, provided its 
limitations are made clear.  
 
Our research has shown that there is some scope to reduce the non-CO2 climate effects from 
aviation and more collaborative research is needed to find practical solutions that would allow the 
aviation sector to minimise their non-CO2 climate effects.  
 
I am grateful to Professor Keith Shine (University of Reading) for directing me to the following 
papers, where further information on this issue can be found:  
  
Forster P, K Shine and N Stuber, 2006. It is premature to include non-CO2 effects of aviation in 
emissions trading schemes, Atmospheric Environment, 40, 1117-1121.  
 
Forster P, K Shine and N Stuber, 2007. Corrigendum to It is premature to include non-CO2 
effects of aviation in emissions trading scheme, Atmospheric Environment, 41, 3941. (The 
corrigendum does not materially affect the conclusions of the original paper.)  
 
Thanks also go to Olivier Boucher, Met Office Hadley Centre, who undertook several pieces of 
work on this subject for the International Civil Aviation Organisation (ICAO) and 
EUROCONTROL.  
 
I hope this information is helpful.  
Yours sincerely,  
 
Professor John Mitchell  
Director of Climate Science, Met Office  


