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 I. Background 

1. Measures of environmental outcomes contribute to a better understanding of 
individual well-being (OECD 2014a). According to the EU, fine particulate matter (PM2.5) 
reduces life expectancy from between eight months to up to two years in the most polluted 
places (European Environment Agency, 2012), and is the main environmental cause of 
premature death (OECD, 2014b). In this line, WHO (2014) reported that in 2012 almost 4 
million of premature deaths are linked to outdoor air pollution; 2.6 million of which 
occurred in low and middle income countries in South-East Asia and Western Pacific 
regions. 

2. Exposure to air pollution, and its causes, may vary greatly whether people live in 
cities or in rural areas, in developed or developing countries. Fine particulate matters are 
emitted from the combustion of liquid and solid fuels for industrial and housing energy 
production, vehicles and biomass burning in agriculture. Thus, air pollution is greatly 
associated with transport system available, industrial developments and pace of 
urbanisation. 

3. A major source of data to monitor levels of air pollution comes from ground-based 
stations that are normally installed in cities. Ground-based stations provide the most 
accurate measure of local fine particulate matters and offer regular levels of air pollution 
over time. However, the distribution of ground-based stations in OECD countries is very 
heterogeneous and in many developing countries entire cities lack monitoring stations 
(Brezzi and Sanchez-Serra, 2014). 

4. Notwithstanding the importance of location to assess environmental outcomes, 
internationally comparable measures of air pollution at the sub-national level are rather 
limited. In order to overcome this constraint, the OECD presented in 2014 a methodology 
with which a set of estimates of exposure to air pollution (fine particulate matter – PM2.5) 
where computed at the city, regional and national level for the 34 OECD countries, and at 
the regional and national levels for Brazil, China, India, Russia and South Africa (Brezzi 
and Sanchez-Serra, 2014). These estimates were derived from satellite-based observations 
by van Donkelaar et al. (2014) and adjusted to different territorial units based on grid 
population data. 

5. Satellite-based estimates are less precise than ground-based measures, but have 
several advantages. Firstly, they provide consistent values of the magnitude using the same 
method and technology for different territorial coverage. Secondly, satellite-based estimates 
provide data in areas of the globe where air monitoring stations are not available or have a 
poor territorial coverage. 

6. The contribution of this document is twofold. First, it provides new air pollution 
estimates for a 3-years average 2012-14 (briefly referred as 2013). Secondly, it extends the 
coverage to Colombia, Latvia and Peru for the national and sub-national estimates of 
exposure to air pollution. The document expands previous results (Brezzi and Sanchez-
Serra, 2014) to provide estimates of exposure of air pollution in the 34 OECD countries and 
a selection of non-OECD countries (Brazil, China, Colombia, India, Latvia, Peru, Russian 
Federation and South Africa) for five points in time spanning from 2001 to 2014. 

7. The results show that air quality at national and regional level has improved in 
OECD countries between 2002 and 2013 mainly thanks to the introduction of regulatory 
and policy instruments. However, in 2013 still 205 out of 392 OECD regions people were 
on average exposed to levels of air pollution higher than the ones recommended by the 
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WHO (10 µg/m3). Additionally, more than 50 per cent of the urban population are exposed 
to dangerous levels of air pollution. 

8. This paper is organized as follows: Section 2 describes the source of data and the 
methodology used to derive air pollution estimates at different territorial scales. Section 3 
provides an overview of the exposure of air pollution in OECD and non-OECD countries 
and the extent of regional and city level differences in the exposure to air pollution within 
countries. 

 II. Data and methodology 

9. In this paper the satellite-based data of global exposure to PM2.5 from multiple 
satellites with annual observations in the period 1998-2014 provided by van Donkelaar et 
al. (2014) are used to compile air pollution estimates at different geographical details. 
Satellite observations of PM2.5 concentration have a global coverage. They provide 
consistent values using the same method and technology for different territories and points 
in time. In order to overcome with uncertainties derived from the estimate of pollutant 
levels for days when satellite data are missing due to cloud cover, three year averages have 
been used. Thus, the indicator is currently available for five points in time (2001-03, 2004-
06, 2007-09, 2010-12 and 2012-14).  

10. The estimated average exposure to air pollution (PM2.5) is based on GIS-based 
methodology at city, regional and national levels using the satellite-based PM2.5 estimates 
of van Donkelaar et al. (2014) at 0.1° x 0.1° geographic grid resolution. The method used to 
produce the estimates can be summarized in three points (Brezzi and Sanchez-Serra, 2014): 

11. The grid cells of the satellite-based data on air pollution are multiplied by the 
population living in the grid cell of 1km2. 

12. The exposure to air pollution in a territory (region, city or country) is given by the 
sum of the population weighted values of PM2.5 in the 1km2 grid cells falling within the 
boundaries of the territory. 

13. Finally, the average exposure to PM2.5 concentration in a territory is given by 
dividing the aggregated value (derived from the previous point) by the total population in 
the region. 

 III. Levels and trends of PM2.5 in OECD and non-OECD countries 

14. National average exposure to PM2.5 levels decreased in 33 out of 34 OECD countries 
between 2002 and 2013, with the exception of Israel. Over the same period, the OECD as a 
whole reduced its average exposure to PM2.5 levels in more than 3.5 µg/m3, reaching 
almost the WHO recommended concentration levels of 10 µg/m3. In 2013, exposure to 
PM2.5 levels ranged on average between 22.7 µg/m3 in Korea to 1.8 µg/m3 in Iceland 
(Figure 1). Nineteen OECD countries are still above the WHO recommended concentration 
levels, and Kora and Israel above 20 µg/m3. Among the non-OECD countries considered, 
China and India have exposure to pollution levels five and four times higher (respectively) 
than the OECD average. Additionally, these two countries have experienced a rise of the 
exposure levels to air pollution in the past decade (Figure 1). 

15. Air pollution is often an issue in metropolitan areas. In 2013, 53 per cent of the 
urban population was exposed to levels of air pollution higher than 10 µg/m3. In the 
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Netherlands, Poland, Germany, Belgium, Slovenia, Austria, Czech Republic, Hungary, 
Korea and the Slovak Republic more than 90 per cent of the urban population was exposed 
to high pollution concentration levels. On the other hand, all urban population in countries 
such as Australia, Estonia, Ireland and Norway are exposed to pollution levels well within 
the recommended safe levels (Figure 2). 

16. In 2013, people in 205 out of 392 OECD regions were on average exposed to levels 
of air pollution higher than 10 µg/m3, representing 50 per cent of the OECD population. 
OECD estimates show wide variation in PM2.5 exposure levels across regions. The Capital 
Region in Korea appears as the region with the highest average exposure to PM2.5 across 
OECD (27 µg/m3) while Gisborne Region in New Zealand appears as the region with the 
lower level (1 µg/m3). The largest differences within countries are observed in Mexico, 
Italy and Chile. Indeed, between Morelos (Mexico) and Yucatan (Mexico), there is a 
difference in the average exposure levels of 21 µg/m3. On the contrary, countries such as 
New Zealand, Iceland and Ireland present the smallest differences across regions (Figures 
3-6).  

Figure 1 
Average exposure to PM2.5 in OECD countries and selected non-OECD countries 
(2002, 2013) 

 
Population-weighted exposure to PM2.5 concentration, micrograms per cubic metre, averaged 2001-03 and 2012-14. 
Source: OECD calculations based on van Donkelaar et al. (2014) 
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Figure 2 
Share of urban population exposed to different levels of air pollution, 2013 

 

Percentage of the population, mean annual exposure, 2012-14. 
Source: OECD (forthcoming), OECD Regions at a Glance 2016, OECD publishing 
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Figure 3 
Average exposure to PM2.5: Asia and Oceania, 2013 

 

Population-weighted exposure to PM2.5 concentration, micrograms per cubic metre, averaged 2012-14. 
Average exposure to PM2.5 is displayed according to the quintile distribution of this geographic area 
(Asia and Oceania). 
Source: OECD calculations based on van Donkelaar et al. (2014) 
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Figure 4 
Average exposure to PM2.5: Europe, 2013 

 

Population-weighted exposure to PM2.5 concentration, micrograms per cubic metre, averaged 2012-14. 
Average exposure to PM2.5 is displayed according to the quintile distribution of this geographic area 
(Europe). 

Source: OECD calculations based on van Donkelaar et al. (2014) 
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Figure 5 
Average exposure to PM2.5: Americas, 2013 

 
 
Population-weighted exposure to PM2.5 concentration, micrograms per cubic metre, averaged 2012-14. 
Average exposure to PM2.5 is displayed according to the quintile distribution of this geographic area 
(Americas). 

Source: OECD calculations based on van Donkelaar et al. (2014) 
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Figure 6 
Average exposure to PM2.5: Emerging economies, 2013 

 

Population-weighted exposure to PM2.5 concentration, micrograms per cubic metre, averaged 2012-
14. 
Average exposure to PM2.5 is displayed according to the quintile distribution of this geographic area 
(Americas). 

Source: OECD calculations based on van Donkelaar et al. (2014) 

 IV. Conclusions 

Air pollution has a significant negative impact on people’s health and well-being. While the 
effects of air quality are felt locally, policy capacity to address environmental issues can be 
constrained by lack of relevant information at the local level. This paper expands the 
previous results presented in Brezzi and Sanchez-Serra (2014) by providing updated figures 
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at the regional and national level for all OECD countries and a selection of non-OECD 
countries for the year 2013. New results were also presented for 3 additional non-OECD 
countries, namely, Colombia, Latvia and Peru. These estimates are derived from the 
computation of satellite-based observations and following the method described in Brezzi 
and Sanchez-Serra (2014). This method has the advantages of a) providing a coherent set of 
estimates of exposure to air pollution at different territorial units; b) providing values over 
time to monitor changes in air quality.  

The new figures presented in this paper show that air quality has improved in OECD 
countries since the year 2002. However, there is still room for improvement, since 
dangerous levels of air pollution (above 10 µg/m3) are found in 52 per cent of all OECD 
regions (representing 50 per cent of the OECD population). Additionally, large differences 
in terms of exposure to air pollution are observed across and within countries. At the city 
level it is observed that more than 50 per cent of the urban population is still exposed to 
dangerous levels of air pollution. 
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