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INTRODUCTION

I Ambient air pollution (AAP) has been identified as a global
health priority

I In 2016, the World Health Organisation (WHO) estimated that
over 4 million deaths can be attributed to ambient air pollution

I The Global Burden of Disease (GBD) project estimate that in 2015
ambient air pollution was in the top ten leading risks to global
health

I Burden of disease calculations require accurate estimates of
population exposure for each country
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INTRODUCTION

I Accurate estimates of exposure to air pollution are required
I Global, national and local levels
I Associated measures of uncertainty

I While networks are expanding, ground monitoring is limited in
many areas of the world
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ESTIMATING PM2.5

I Can utilise information from other
sources

I Satellite remote sensing
I Chemical transport models
I Population estimates
I Land use
I Local network characteristics

I Result of modelling and will be
subject to uncertainties and biases
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STATISTICAL CALIBRATION

I Developed to the Data Integration Model for Air Quality
(DIMAQ)

I The aim is to calibrate estimates from chemical transport models,
satellite remote sensing, land use regression and topography,
Xpls , against measurements from ground monitors, Ys,

Ys = β0 +

N∑
i=1

βiXils + εs

I This will allow us to predict surface PM2.5 where there is no
ground monitoring information

I However, the relationship between ground monitors and other
variables may vary over space
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DIMAQ1

I Coefficients can vary spatially

Ys = β̃0s +

P∑
i=1

β̃isXils +

N∑
i=P

βiXils + εs

I The coefficients in the calibration model are estimated by country
I Model allows borrowing from higher aggregations and if

information is not available on a country level
I Exploits a geographical nested hierarchy
I Achieved using a series of hierarchical random effects
I Inference based on Integrated Nested Laplace Approximations

(INLA)
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REGIONS
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Figure: Map of regions
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SUPER-REGIONS
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Figure: Map of super-regions
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DIMAQ1

I Developed a model to integrate data from multiple sources with
the aim of producing high-resolution estimates of population
exposures to ambient particulate matter

I DIMAQ1 based on a country-level spatial structure
I Need to account for within country variability
I Inclusion of time
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DIMAQ2

I Coefficients can vary spatio-temporally

Yst = β̃0st +

P∑
i=1

β̃istXilst +

N∑
i=P

βiXilst + εs

I Inclusion of a continuous spatial process
I Within country variability
I Within grid-cell variability (Downscaling)

I Temporal variation in the calibration coefficients
I Regional
I Random walk
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APPROXIMATION TO THE SPATIO-TEMPORAL FIELDS

I Computationally challenging to fit multiple spatio-temporal
processes

I The approximation to the spatial field is the solution to
Stochastic Partial Differential Equation (SPDE)

I Inference based on Integrated Nested Laplace Approximations
(INLA)

I Penalised complexity priors for model hyperparameters

Constrained refined Delaunay triangulation
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PREDICTION

I High resolution estimates of air pollution concentrations are
required over space and time

I Computationally expensive
I Monte Carlo Simulation

I Draw M samples from the joint posterior of the model parameters
I Produce M joint samples using the linear predictor
I Aggregation is fairly straightforward
I Summaries of the marginal posterior distributions can then be

made
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CONCENTRATIONS OF PM2.5

Figure: Median estimates of annual averages of PM2.5 (µgm−3) for 2016 for each grid cell (0.1o ×
0.1o resolution) using DIMAQ2
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COEFFICIENT OF VARIATION

Figure: Coefficient of variation of annual averages of PM2.5 (µgm−3) for 2016 for each grid cell (0.1o

× 0.1o resolution) using DIMAQ2
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PROBABILITY OF EXCEEDANCE

Figure: Probability that annual average PM2.5 (µgm−3) exceeds the WHO AQGs for 2016 for each
grid cell (0.1o × 0.1o resolution) using DIMAQ2
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SUSTAINABLE DEVELOPMENT GOALS
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SUSTAINABLE DEVELOPMENT GOALS

I Goal 11: Sustainable Cities and
Communities

I "Make cities and human settlements
inclusive, safe, resilient and sustainable."

I Progress of Goal 11 in 2017
I "Air pollution is a major environmental

health risk. In 2014, 9 of 10 people who
live in cities were breathing air that did
not comply with the safety standard set
by WHO."
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SUSTAINABLE DEVELOPMENT GOALS

I Target: By 2030, reduce the adverse per
capita environmental impact of cities,
including by paying special attention to air
quality and municipal and other waste
management

I Indicator: 11.6.2
I Annual mean levels of fine particulate

matter (e.g. PM2.5 and PM10) in cities
(population weighted)
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COUNTRIES

Figure: Medians of posterior distributions for estimates of annual mean PM2.5 concentrations
(µgm−3) for 2016, in (Left) United Kingdom and (Right) China
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POPULATION EXPOSURES
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Figure: Estimated annual average concentrations and population level exposures of PM2.5 by grid
cell (0.1o × 0.1o resolution) in (Left) United Kingdom and (Right) China. Black crosses denote the
annual averages recorded at ground monitors
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POPULATION EXPOSURES
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Figure: Estimated population level exposures of PM2.5 by grid cell (0.1o × 0.1o resolution) for all
and urban areas by WHO Income Region. AFR: Africa; AMR: America; EMR: Eastern
Mediterranean; EUR: Europe; SEAR: South-East Asia; WPR: Western Pacific; LMI: Low- and
middle-income; HI: High-income
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EXCEEDANCES
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Figure: Percentage of regional populatiosn residing in areas in which the WHO Air Quality
Guideline (AQG: annual average PM2.5 exceeds 10 µg/m−3) is exceeded. AFR: Africa; AMR:
America; EMR: Eastern Mediterranean; EUR: Europe; SEAR: South-East Asia; WPR: Western
Pacific; LMI: Low- and middle-income; HI: High-income
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BURDEN OF DISEASE

I Population attributable fraction (PAF), for each country

PAF =

∑n
i=1 Pi(RRi − 1)∑n

i=1 Pi(RRi − 1) + 1

I Attributable burden (AB)

AB = PAF × Health Outcome

I Requires the percentage of the population, Pi, exposed to PM2.5,
by country

I Increments of 1µgm−3
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BURDEN OF DISEASE
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THE GLOBAL BURDEN

I Globally, 4.2 million deaths were attributable to ambient air
pollution in 2016

I Five diseases included in the assessment
I Acute lower respiratory infection
I Lung cancer
I Chronic obstructive pulmonary disease (COPD)
I Ischaemic heart disease
I Stroke

I 91% of these deaths occur in low– and middle–income (LMI)
countries

I South-east Asian and Western Pacific regions bear most of the
burden with each about 1.3 million deaths

I Non–communicable diseases account for 82% of deaths
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SUMMARY

I WHO estimates that around 90% of people worldwide breathe
polluted air

I AAP levels have remained high and approximatively stable
I Declining concentrations in parts of Europe and in the Americas
I The highest ambient air pollution levels are in the Eastern

Mediterranean Region and in South-East Asia
I Annual mean levels often exceeding more than 5 times WHO limits

I Followed by low and middle-income cities in Africa and the
Western Pacific
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SUMMARY

I Increase in burden compared with the previous estimate of 3.0
million deaths from AAP for the year 2014

I Additional age groups for acute lower respiratory infections are
included in the analysis due to new evidence that has become
available

I Revised exposure–response functions
I Increase in mortality rates from non–communicable diseases

I Future work
I Higher resolution in space and time
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INTERACTIVE MAP

http://maps.who.int/airpollution/

http://maps.who.int/airpollution/
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FURTHER INFORMATION

http://www.who.int/airpollution

http://www.exeter.ac.uk/globalairquality

http://www.who.int/airpollution
http://www.exeter.ac.uk/globalairquality
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FURTHER INFORMATION

I WHO ‘Ambient air pollution: A global assessment of exposure
and burden of disease’

I GBD2016 ‘Global, regional, and national comparative risk
assessment of 84 behavioural, environmental and occupational,
and metabolic risks or clusters of risks, 1990–2016: a systematic
analysis for the Global Burden of Disease Study 2016’

I Data Integration Model for Air Quality: A Hierarchical
Approach to the Global Estimation of Exposures to Ambient Air
Pollution. JRSSC 2018
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ANY QUESTIONS?


