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            Abstract
Assessment of the global burden of disease is based on epidemiological cohort studies that connect premature mortality to a wide range of causes1,2,3,4,5, including the long-term health impacts of ozone and fine particulate matter with a diameter smaller than 2.5 micrometres (PM2.5)3,4,5,6,7,8,9. It has proved difficult to quantify premature mortality related to air pollution, notably in regions where air quality is not monitored, and also because the toxicity of particles from various sources may vary10. Here we use a global atmospheric chemistry model to investigate the link between premature mortality and seven emission source categories in urban and rural environments. In accord with the global burden of disease for 2010 (ref. 5), we calculate that outdoor air pollution, mostly by PM2.5, leads to 3.3 (95 per cent confidence interval 1.61â€“4.81) million premature deaths per year worldwide, predominantly in Asia. We primarily assume that all particles are equally toxic5, but also include a sensitivity study that accounts for differential toxicity. We find that emissions from residential energy use such as heating and cooking, prevalent in India and China, have the largest impact on premature mortality globally, being even more dominant if carbonaceous particles are assumed to be most toxic. Whereas in much of the USA and in a few other countries emissions from traffic and power generation are important, in eastern USA, Europe, Russia and East Asia agricultural emissions make the largest relative contribution to PM2.5, with the estimate of overall health impact depending on assumptions regarding particle toxicity. Model projections based on a business-as-usual emission scenario indicate that the contribution of outdoor air pollution to premature mortality could double by 2050.
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                    Figure 1: Mortality linked to outdoor air pollution in 2010.[image: ]


Figure 2: Source categories responsible for the largest impact on mortality linked to outdoor air pollution in 2010.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Source categories responsible for the largest impact on mortality linked to outdoor air pollution in 2010 from a sensitivity calculation with carbonaceous aerosol having a five times larger impact than inorganic and crustal compounds.
IND, industry; TRA, land traffic; RCO, residential energy use (for example, heating, cooking); BB, biomass burning; PG, power generation; AGR, agriculture; and NAT, natural.


Extended Data Figure 2 Increase in mortality linked to outdoor air pollution from 2010 to 2050 (business-as-usual scenario).
Units (colour coded), deaths per area of 100 km Ã— 100 km. In the white areas, no additional mortality is projected.


Extended Data Figure 3 Comparison of EMAC model calculated aerosol optical depth (AOD) with AERONET observations, using all available measurements worldwide in the year 2010.
Although the comparison with individual data points shows a large scatter (left panel), the bias is small (MBE), and time averaging improves the agreement. The middle panel shows a comparison of the monthly means, and the right panel the annual means (that is, showing individual stations) for which the mean error (root mean square error, RMSE) is smallest, the correlation highest and the bias absent. The long-dashed line indicates absolute agreement, the bold short-dashed lines agreement within a factor of two and the short-dashed lines agreement within a factor of ten.


Extended Data Table 1 WHO regions, mortality strata, child and adult mortality characteristics, and the countries and territories includedFull size table


Extended Data Table 2 Premature mortality related to PM2.5 and O3 in 2010Full size table


Extended Data Table 3 Premature mortality by PM2.5 and O3 related diseases in 2010 in countries where it exceeds 9,000 individuals per year (<5 and â‰¥30 years old)Full size table


Extended Data Table 4 Premature mortality related to PM2.5 and O3 in 2025Full size table


Extended Data Table 5 Premature mortality related to PM2.5 and O3 in 2050Full size table


Extended Data Table 6 Population and premature mortality (deaths per year) related to PM2.5 and O3 in the most polluted megacities and conurbations in 2010, 2025 and 2050Full size table


Extended Data Table 7 Premature mortality related to PM2.5 and O3 for the population aged <5 years and â‰¥30 yearsFull size table
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