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New studies and results 

• Health studies 

– Royal College of Physicians 

– COMEAP bronchitis and NO2 reports 

– HEAL Balkan coal study 

– OECD CIRCLE Project 

• Environmental studies 

– ECLAIRE (EC DG Research) 
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Previous RCP report on air pollution 

• Commissioned 1959 

• Published 1970 

 

• Two concerns: 

– Smoking 

– Solid fuel use 



Previous RCP report on air pollution 

• Based on a different world 

– Much coal burning 

– Less traffic 

– Little emission control 

– Little health data to inform the work 
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The new report 

• Produced by RCP and 

RCPH  

• Written by Royal College 

members and invited experts 

• Released February 2016 

• Available at: 
https://www.rcplondon.ac.uk/projects/o

utputs/every-breath-we-take-lifelong-

impact-air-pollution  
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Key messages  

• Air pollution affects health over the full life-course 

• Air pollution affects health in many ways 

• The role of indoor air pollution is important but needs 

further research 

• Air pollution has a major impact on health in the UK 

– Discussion is of much wider relevance than the UK 

• The medical profession needs to be more  

aware of the effects of air pollution 
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New report headlines:  

Health burden 

• Each year, 40,000 deaths (+/-25%) in the 

UK from outdoor air pollution, valued at 

>£20 billion 

– PM2.5 

– NO2 

• More linked to indoor air pollutants 

– Radon: 2,300 

– Second hand smoke: 2,800 – 11,000 
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New report headlines: 

Range of impacts linked to air pollution 

• Link to many diseases including: 

– Cancer 

– Asthma 

– Stroke 

– Heart disease 

 

– Diabetes 

– Obesity 

– Dementia 
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New report headlines: 

Range of impacts linked to air pollution 

• What is quantified most thoroughly in assessments? 

– Impact on mortality via all-cause functions 

• What is quantified less thoroughly? 

– Morbidity effects generally 

– Effects on the young 

– Associated costs (utility, healthcare, productivity) 
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Development of disease during foetal 

development 
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Development of disease during the life 

course 
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New report headlines: 

AQ limits and public protection 

• Neither the 

concentration 

limits set by 

government nor 

the World Health 

Organization’s 

air quality 

guidelines are 

fully protective of 

health 
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New report headlines: 

Role of the medical profession 

• “When our patients are exposed to such a 

clear and avoidable cause of death, illness 

and disability, it is our duty as doctors to 

speak out.” 

– Medical profession is good at dealing with 

symptoms 

– Barriers on acting on causal factors  

like air pollution 

– Need to act on health service footprint 



COMEAP results in more detail 

14 

Highlights different ways of representing mortality impacts of air  

pollution 

Averages at ~12 years of lost life expectancy per equivalent  

attributable death 



Interpretation of causality for 

mortality estimates 

• COMEAP considers the meaning of estimated numbers 

of deaths, noting:  

– Effects are principally from cardiovascular disease, which has 

multiple established and likely causes at the population level, 

and almost certainly has a complex mixture of factors affecting 

initiation and progression at the individual level.  

• Estimates of deaths are a statistical construct, with air 

pollution playing some role in bringing forward the 

deaths of a larger number of people than the estimate of 

40,000 deaths per year. 

• However, the 40,000 figure provides an indication of the 

burden on mortality that can be compared with estimates 

from other factors 
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Bronchitis and PM 

• Differences in disease 

– Adult bronchitis: long lasting disease, potentially severe effect, may be 

permanent (depending on definition of effect) 

– Child bronchitis: temporary (2 weeks), recoverable 

• Differences in adult bronchitis estimates for UK: 

– EC estimate: 26,000 (incidence, new disease, value £850 million/year) 

– New COMEAP estimate: 722,000 (prevalence, total burden) out of  

4.5 million affected individuals in the UK (value?) 

• Differences in use 

– For EC, recommended for core analysis by WHO HRAPIE study 

– For UK, recommended for sensitivity analysis by COMEAP 

 

COMEAP report on chronic bronchitis available at:  
https://www.gov.uk/government/publications/comeap-long-term-exposure-to-air-pollution-and-chronic-bronchitis  16 
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Role of the medical profession 

• “When our patients are exposed to such a clear 

and avoidable cause of death, illness and 

disability, it is our duty as doctors to speak out.” 

• Recommendations: 

– Increase awareness of the effects of air pollution 

– Support actions to reduce emissions 

– Recognise threat to health to properly advise  

patients 

– Recognise and act on the environmental  

burdens of health care 

 



Impacts of coal fired generation in 

the Balkans 

• Western Balkan Air Report 

• Commissioned by HEAL 

• Objectives 

– Stimulate debate on energy 

choices 

– Assess impacts of existing  

coal fired power generation  

on health… 

– …and of new plant built to  

higher standards 
• http://www.env-

health.org/resources/projects/coal-s-

unpaid-health-bill/coal-s-unpaid-health-

bill-in-the/  
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Scope 

• 39 existing and 24 

planned coal / lignite 

power generating 

units in… 

• …Bosnia and 

Herzegovina, Kosovo, 

Macedonia, 

Montenegro, Serbia 
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Aggregate emissions data 

tonnes/year 
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Monetised health damage estimates, 

Western Balkans only 
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Conclusions of the 

Western Balkans study 

• Coal fired power generation creates a significant 

burden on health (in addition to impacts on 

climate, etc.) 

• This will be reduced by replacement of old plant 

with new operating to better standards 

• But development of new plant commits to 

continued impacts into the future 

• Results can be factored into the future energy 

planning debate for the region 
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OECD CIRCLE Project 

• Objective 

– Factor air pollution effects into OECD’s ENV-Linkages Model 

(https://www.oecd.org/env/45334643.pdf)  

– Quantify health impacts of air pollution (PM2.5, O3) for scenarios 

out to 2060 

– Whole world 

• Scenario: Full implementation of existing legislation, no 

subsequent legislation (e.g. to meet climate goals) 

• To be launched at 8th Environment for Europe Ministerial 

Conference at Batumi, Georgia, in June 

– Hence little detail on results in this presentation 
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• Computable General Equilibrium (CGE) model 

• Multi-regional, multi-sectoral 

• All economic activity is part of a closed, linked system  

• Simultaneous equilibrium on all markets 

• Structural trends, no business cycles 

• Dynamics  

• Solved iteratively over time (recursive-dynamic) 

• Capital vintages 

• Economic consequences of outdoor air pollution 

• Projections of economic activities and emissions 

• Macroeconomic costs of outdoor air pollution (economic feedbacks) 

 

 

The ENV-Linkages model 



Complications 

• Extrapolation beyond Europe 

– HRAPIE or GBD for mortality? 

– Limited availability of: 

• Morbidity data 

• Valuation data 

– Variation in access to healthcare 

– Lack of data for some countries (e.g. Sudan, 

North Korea)  

25 



Solutions 

• Selected GBD for mortality 

– Adapted functions to generate a range for future impacts (curved and 

straight line fits) 

• Morbidity data: extrapolated from European analysis 

– Assuming changes in morbidity rates will be reflected in changes in 

mortality 

• Valuation data: Extrapolated using OECD (2012) guidance 

– Investigated sensitivity to income elasticity 

• Variation in access to healthcare (e.g. for hospital 

admissions): 

– Adjusted valuation to reflect national data on healthcare spend as a 

fraction of GDP (US, Arabian Gulf State anomalies) 

– People likely more unwell if they cannot go to hospital! 
26 
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Projections of air pollutants 

emissions 
• Emission data for SO2, NOx, OC, BC, CO, VOCs and NH3 from the 

GAINS model (IIASA) for the Current Legislation Scenario 

• Link emissions to production activities in different key 

sectors (energy, agriculture, industry…) 

– Black carbon – gradual increase 

– CO – Relatively constant 

– Ammonia – medium increase 

– NOx – strong increase 

– Organic carbon – declines 

– SO2 – declines to 2025, then increases 

– VOCs – increase towards end of period 

Source: preliminary OECD calculations; not to be cited or quoted 



Annual average total anthropogenic PM2.5 (µg/m3) 

 

 

 

 

 

 

 

 

 

 

 

 

 
Concentrations calculated with TM5-FASST (EU JRC Ispra) 

 29 
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2060 
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Headline impacts 

• Total deaths: 

• 3 million 2015 

• At least doubling by 2060 

• Market costs (agriculture, healthcare, productivity) 

• Increase from around 0.25% of GDP to 1% by 2060 

• Non-market costs 

• $3.3 trillion 2015, increasing substantially by 2060 to 

account for higher pollution levels, increased population 

and income growth 

VSL valuation, unit values increasing with GDP 

 

 



ECLAIRE study (WP18) 

• Effects of Climate Change on Air Pollution Impacts and 

Response Strategies for European Ecosystems 

• Funded by European Commission DG Research under 

the 7th Framework Programme 

• WP18 involved EMRC, RIVM, CEH, University of 

Aarhus, IVL, IIASA, SEI 
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ECLAIRE Objectives 

• Investigate how climate change alters the threat of NOx, NH3 

and ozone on European land ecosystems   

• Quantify how climate change alters ecosystem vulnerability to 

tropospheric O3 and N deposition, including interaction with 

increased CO2.  

• Estimate interactions and feedbacks on plant and soil carbon 

stocks, greenhouse gas balance and plant species change. 

• To apply the new risk assessment chain at the European 

scale, to assess how projected climate change will alter 

damage estimates, in part through economic valuation of 

ecosystem services.   
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WP18 Objectives 

• Link the concept of ecosystem services with existing mapping of 

European ecosystems and pollutant impacts 

– Crops (ozone effects on production, including for different cropping patterns) 

– Forests (production and carbon sequestration) 

– Biodiversity (value of appreciation of biodiversity) 

• Characterise the links between pollutant exposure, impact and value to 

permit quantification of pollutant damage. 

• Assess change in the value of ecosystem services across different 

scenarios using a marginal approach 

– 2030, 2050 

– CLE, BIO75 gap closure, MFR 

• Prioritise gaps in the existing knowledge base  

 

Constraint: ECLAIRE did not include original valuation work, but was instead 

focused on the application of available valuation studies 33 



Crop losses from ozone 

• Considered all European crops using POD functions 

• Wheat, tomato, potato 

• All other crops from extrapolation of wheat function using sensitivity 

matrix from ICP Vegetation (2011): 
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Crop production and climate 

University of Aarhus 

• Assessment with and without changes in  

land use driven by climate change 

– % feasible changes 
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Crops Year 2030 Year 2050 
Wheat -64 -54 

Barley -17 -18 

Oats 246 85 

Apples 267 185 

Citrus -16 495 

Grapes -46 -16 

Maize -21 -14 

Rapeseed -73 -79 

Olives -18 47 

Potatoes 74 -10 

Tomatoes 401 839 

	



Agricultural land use change trends due to climate 

change in year 2050 for selected crops  
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Distribution of economic impacts of ozone 

on different crops under different scenarios  
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Crop production benefits in 2050 by implementing MFR 

(relative to CLE) in million Euros, with and without climate 

adjustment  
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Forest damage 

• Lost production of timber for manufacture of 

wood products 

• Lost production of timber for manufacture of 

paper and pulp 

• Lost production of firewood 

• Reduced carbon sequestration 
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Data and functions 

• Response functions 

– POD1, from SEI for various coniferous and 

broadleaved species 

• Forest production: Eurostat 

• Carbon sequestration: literature review 

– 2000, 2010: €9.5 - €74 / tonne CO2 

– 2030, 2050: €39 - €187 / tonne CO2 
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Forest production 

utilisation rate 
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• Availability of excess 

production 

• But with distributional 

consequences 

 



Forest related damage, €million/year 
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Approaches for quantifying biodiversity 

impacts in economic terms 

• Large literature on ecosystem services, 

little directly relevant to air pollution effects 

on biodiversity 

– Too site specific 

– Inability to link to ecological change of interest 

– … 

• We investigated 

– Stated preference approach (Christie et al) 

– Repair costs 

– Regulatory revealed preference 
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Benefits relative to CLE scenario, 

€billions/year 
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Key gaps in knowledge 

• Very limited literature on valuation of 

ecosystems that is relevant to impacts on 

biodiversity 

– However, Christie provides a useful model that can be 

replicated 

– Understanding of how valuation studies like Christie 

should inform policy 

– Does ‘regulatory revealed preference’ approach 

provide a more complete assessment? 
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Conclusions 

• Benefits analysis and CBA continue to be used 

extensively across Europe 

• Broader range of health concerns are being 

addressed 

– But more need to be considered 

• Ozone effects on crops could increase in 

significance through crop production changes 

• Ecosystem impacts significant, more valuation 

work needed 

– But we have a better idea of what needs to be done! 
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