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The easy things have been done…… 
Policy didn’t need to wait for sophisticated 

science when undertakers ran out of coffins….. 



….nowadays scientific 
consensus plays a 

much more important 
role 

IPCC, WHO, Defra and 
Dept. of Health Expert 

Groups….. 
……but beware the 
‘herd effect’ and 
vested interests… 
….and ‘lamp-post 

science’!  

Galileo Galilei 



Uncertainty in the policy process 

• Uncertainty in Basic Science 

 Causality? 

 Is it something we can control?  

 Go/No-go 

 

• Uncertainty over the size of the effect 

 How aggressive does the policy response need to be? 

 Hazard/Risk assessment  

 

• Uncertainty in the policy analysis 

 Numerical uncertainty in models and projections 

 Sign of the response? 

 Risk management 

 



Scale of importance 

Causality – is it a real 
effect? 

∞ 

Size of the effect 10n 

Policy evaluation +/- factor of 2-3? 
Correct sign?! 



Are the associations between PM and 
health effects causal? 

• In the early 1990s there was considerable 
scepticism 

• COMEAP report, 1995, “Non-biological 
particles and health” : 

–  ‘…..it would be imprudent not to regard the 
associations as causal….’ 



Man-made climate change? 
IPCC ‘Likelihood scale’ 

Virtually certain 99-100% probability 

Extremely likely 95-100% 

Very likely 90-100% 

Likely 66-100% 

More likely than not >50-100% 

About as likely as not 33 to 66% 

Unlikely 0-33% 

Very unlikely 0-10% 

Exceptionally unlikely 0-1% 



IPCC 2013 5th Assessment Report  

• ‘…..evidence for human influence has grown 
since AR4. It is extremely likely that human 
influence has been the dominant cause of the 
observed warming since the mid-20th century.’ 

• AR4 stated that the changing climate ‘is very 
likely due to the observed increase in 
anthropogenic greenhouse gases. 



Uncertainty in the size of the effect? 

• Health impact of current 
levels of air pollution in 
the UK is valued at a cost 
of £15 Bn/annum 

• PM impact (2008) 
equivalent to 29,000 
premature deaths, loss of 
life expectancy of ~6 
months  



Distribution of COMEAP (2009) members’ views of 
the uncertainty around the coefficient linking 

PM2.5 and all-cause mortality 

Pope et al 2002 



There are better methods when many studies 
exist – Meta Analysis: 



Communicating the risk in terms of 
premature deaths is a significant change 

• 2007 Air Quality Strategy did not mention premature 
deaths  (evidence based on COMEAP 2006 Interim report) 

• COMEAP 2010 report on Mortality effects of Long-Term 
Exposure…stated: 

 -COMEAP has over the years considered expressing 
 the mortality implications of reduced long-term 
 exposure to air pollution in terms of life expectancy 
 and the number of life-years gained over the 
 population, as more informative than annual 
 reductions in numbers of deaths sometimes described 
 as ‘lives saved’ 
• Now in line with other outcomes – road accidents, obesity 

etc 
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Deaths brought forward from ozone, no threshold and 
50ppb threshold (Health effects of climate change in 

the UK, Dept. Health)   



 



Uncertainty in policy analysis 

 



Source apportionment from models is 
crucial for policy 

 

NOx 
(ug/
m3) 



Source app. needs to be right but also model 
response to emission changes 

 



Non-linear chemistry is a challenge for policy 
analysis 

 



Emulator approach to uncertainty analysis – with messages for 
policy? (Andrew Beddows) 

•Sensitivity analysis identifies which of the uncertain inputs has the most influence on model output 
 
•The graph below shows this for CMAQ over a 24hr period, calculated by using the emulator in place of the model 
 
•Monte Carlo uncertainty estimation and any other sensitivity/uncertainty analysis techniques can be carried out in 
the same way. 



Sensitivity analysis of two ozone episodes 




