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Training Goal:

Understand the basics of air pollution health impact 
assessment, so you can do it yourself



-20% Global Anthrop. Methane Emissions:
30,200 avoided premature deaths in 2030 

due to reduced ozone

West et al., PNAS, 2006



Epidemiology

Toxicology

Medicine

Exposure Science

Atmospheric Science

Engineering

Chemistry

Physics



How do we know that air pollution affects health?

Toxicology, Medicine, and Epidemiology



Epidemiology – Relationships 
between air pollution and health

• Find statistical relationships between air 
pollution and health due to variations in 
– Space
– Time

• Need to control for variables 
– that co-vary with air pollution (e.g., temperature)
– other socioeconomic determinants of health 

effect (e.g., smoking, age, income)



American Cancer Society Study
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Air pollution epidemiology

Relative Risk (RR) = ratio of probability of an event 
occurring in an exposed group vs. in an unexposed group

RR>1
Risk increase

RR=1
No effect

RR<1
Risk decrease

Pope and Dockery, 2006



Air pollution mortality
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O3 (ppb)

ln RR

PM2.5 (µg/m3)

Current evidence 
suggests that PM2.5 has a 
stronger relationship with 
mortality than does O3

Slope = Concentration-
Response Factor



Epidemiological Studies

Advantages
1. Works well with individual, 

defined, measureable pollutants 
(i.e. ozone)

2. Provides information for risk 
assessment, policy, regulations

3. Determines potential health 
effects caused by real-life 
exposures

4. Important for policy and 
regulations

Limitations
1. Difficult to establish cause-and-

effect relationships with air 
pollution mixtures (i.e diesel 
exhaust)

2. Does not provide information on 
underlying mechanisms

3. Often not able to control for 
potential co-exposures 

4. $$$$$$





Irish coal ban: 
Clancy et 
al. (2002)



Bell et al. (2004) “Ozone and 
short-term mortality in 95 
urban communities, 1987-
2000”



Harvard Six-Cities Study 
(Dockery et al., 1993): 

First long-term cohort study 
of chronic mortality.

~8000 adults followed over 
many years.





Harvard 6 Cities 
Reanalyzed (Laden 
et al., 2006)



Epidemiology 

vs. 

Risk Assessment or Health Impact Assessment



Annual deaths
Baseline 
mortality rate

Concentration-
response factor

Change in 
concentration Population 

exposed

0)1( yPopeMort X ´´-=D D-b

Health impact function

Attributable fraction Baseline mortality

y0 is fraction of population that has health effect in a year.

Pop is not necessarily the total population.  

If βΔX is small, then 1-e-βΔX ≈ βΔX



What would be the health benefit if all US 
adults had 1 µgm-3 less of PM2.5?

Krewski et al. (2009) – 3% increase in risk of all-cause 
mortality per 10 µgm-3 increase in PM2.5.

RR = .03 / 10 = 0.003 per µgm-3

β = RR / (1+RR) = .003 / (1.003) = 0.00299 per µgm-3

ΔX = 1 µgm-3

Pop = 195 million (adult population, > 30 yrs old)

y0 = 0.012 (per year, for adults from all causes of death)

ΔMort = (0.00299 (µgm-3)-1) (1 µgm-3) (195x106) (0.012 yr-1)
= 7000 deaths reduced per year
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Population

Total Population, persons
(Landscan 2011 at 30”x30”
gridded to 0.67°x0.5°)

3,839 million

Population 25+, persons
(Landscan 2011 at 30”x30”
gridded to 0.67°x0.5°)

6,946 million
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Baseline Mortality Rates

Baseline 
Mortality Rates, 
deaths per year per 

100,000
(GBD 2010, country 
level, AllAges > gridded 
to 0.67°x0.5°)

IHD

COPD

Stroke

LC



What are sources of pollutant 
concentrations (ΔX)?

• Observations

• Satellites

• Models

• Data Fusion
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12-km CMAQ

Global model 
2.8º resolution



Best Practice

• Apply concentration-health functions in a way 
that agrees with the epidemiological study:
– Air pollutant metric, averaging time.
– Neighborhood scale concentrations
– Same population (age, etc.)
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• Contains population estimates and a library of 
baseline incidence rate data

• Built on a GIS
• User selects concentration-response functions or 

inputs their own 25
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Survey of Ambient Air Pollution Health Risk Assessment Tools

Susan C. Anenberg, Anna Belova, Jørgen Brandt, Neal Fann, Sue Greco, 
Sarath Guttikunda, Marie-Eve Heroux, Fintan Hurley, Michal 
Krzyzanowski, Sylvia Medina, Brian Miller, Kiran Pandey, Joachim Roos, 
Rita Van Dingenen

Volume36, Issue9, Special Issue: Air Pollution Health Risks
September 2016
Pages 1718-1736

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Anenberg%2C+Susan+C
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Belova%2C+Anna
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Brandt%2C+J%C3%B8rgen
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Fann%2C+Neal
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Greco%2C+Sue
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Guttikunda%2C+Sarath
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Heroux%2C+Marie-Eve
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Hurley%2C+Fintan
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Krzyzanowski%2C+Michal
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Medina%2C+Sylvia
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Miller%2C+Brian
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Pandey%2C+Kiran
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Roos%2C+Joachim
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Dingenen%2C+Rita
https://onlinelibrary.wiley.com/toc/15396924/2016/36/9
https://onlinelibrary.wiley.com/toc/15396924/2016/36/9


Applications of 
Air Pollution Risk Assessment

• Total impact of air pollution on health (GBD)

• Changes in air pollution through time

• Effects of a policy
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Global mortality burden – ACCMIP ensemble

Ozone-related mortality PM2.5-related mortality(*)

470,000 (95% CI: 140,000 - 900,000) 2.1 million (95% CI: 1.3 - 3.0 million)

(*)   PM2.5 calculated as a sum of species (dark blue)
PM2.5 as reported by 4 models (dark green)  
Light-colored bars - low-concentration threshold (5.8 µg m-3)

Silva et al. (2013)
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Global Burden: PM2.5-related mortality

CPD+LC mortality , deaths yr-1 (1000 km2)-1, 
multi-model mean in each grid cell , 6 models 

Global and regional mortality per year

Regions Total 
deaths

Deaths 
per 

million 
people (*)

North America 43,000 152

Europe 154,000 448
Former Soviet 
Union

128,000 793

Middle East 88,700 371

India 397,000 715
East Asia 1,049,000 1,191

Southeast Asia 158,000 564

South America 16,800 92

Africa 77,500 327

Australia 1,250 78

Global 2,110,000 665

1

(*) Exposed population (age 30 and older)

Silva et al. (2013)



PM2.5 from Satellites

Van Donkelaar et al., 2010



Brauer et al., 2012



Global burden of disease of air pollution (2017)

GBD 2017 Team, Lancet, 2018

Global Deaths per Year

Ambient PM2.5 pollution:  2.9 (2.5 – 3.4) million

Ambient ozone pollution:  0.47 (0.18 – 0.77) million

Household air pollution from solid fuels:  1.6 (1.4 – 1.9) million

1 in 19 deaths 
globally!

1 in 45 deaths 
globally!

Ambient PM2.5 pollution is the 8th leading 
risk factor for death globally.

Burnett et al. (PNAS, 2018) estimate 
8.9 (7.5-10.3) million deaths from 
PM2.5 in 2015.  
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PM2.5-related mortality (sectors zeroed-out)

Contributions of each sector to total PM2.5 mortality (IHD+Stroke+COPD+LC), 
fraction of total burden in each cell

Land Transportation

Energy Industry

Residential & Commercial

Global total: 290,000 deaths/year Global total: 323,000 deaths/year

Global total: 212,000 deaths/year Global total: 675,000 deaths/year

Silva et al. (EHP, 2016)



Ozone from N. 
American and 

European emissions 
causes more deaths 

outside of those 
regions than within

Avoided deaths (hundreds) from 20% regional ozone precursor reductions, based on 
HTAP simulations, Anenberg et al. (EST, 2009)



Impact of RCP8.5 Climate Change on Global Air 
Pollution Mortality: ACCMIP Models

Silva et al. Nat Clim Ch, 2017

Million deaths yr-1OZONE

PM2.5

Mean (95% CI)
(deaths yr-1)

2030
56,000

(-34,000 , 164,000)

2100
215,000 

(-76,000 , 595,000)

Mean (95% CI)
(deaths yr-1)

2030
3,000 

(-30,000, 47,000)

2100
44,000

(-195,000, 237,000)



Impact of RCP8.5 Climate Change on Global Air 
Pollution Mortality: ACCMIP Models

Silva et al. Nat Clim Ch, 2017



Co-benefits – Valuation of Avoided Mortality

Red:  High valuation (2030 global mean $3.6 million)
Blue:  Low valuation (2030 global mean $1.2 million)
Green:  Median and range of global C price (13 models)

West et al. NCC 2013



US PM2.5-related deaths

41Zhang, ACP 2018; Nawaz, in prep.



PM2.5 Mortality Burden (EPA)
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Zhang, ACP 2018

• PM2.5 mortality decreased by 53% from 123,700 (70,800-178,100) deaths 
in 1990 to 58,600 (24,900-98,500) in 2010.

• Without the decrease in PM2.5 since 1990, the burden would have only 
decreased by 24%.  

• PM2.5 reductions since 1990 have decreased deaths in 2010 by about 
35,800.   



Future Opportunities

• Many possible applications.

• Improved epidemiology – health and 
concentration data.

• Improve space/time resolution, understanding 
of population movement.

• Health benefits of policies using reduced-form 
AQ models (inMAP, EASIUR).
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Annual deaths
Baseline 
mortality rate

Concentration-
response factor

Change in 
concentration Population 

exposed

0)1( yPopeMort X ´´-=D D-b

What are the 4 pieces of information you need 
to do a health risk assessment?

Attributable fraction Baseline mortality





Annual avoided 
mortalities

Baseline 
mortality rate

Concentration-
response factor

Change in 
concentration Population 

exposed

0)1( yPopeMort X ´´-=D D-b

Health impact function

Attributable fraction Baseline mortality

β – from re-analysis of ACS cohort: Krewski et al. (2009) for PM2.5, Jerrett et al. (2009) 
for ozone.

Pop – from LANDSCAN database at very fine resolution, adjusted for adult 
population.

y0 – from WHO country- or region-level data.  
Pop and y0 fields were gridded using a GIS.
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Health impact function

∆Mort = y0 x AF x Pop

β = Concentration-
response factor

Baseline 
mortality rate

Exposed 
Population

- Respiratory diseases (RESP)
(inc. COPD – chronic obstructive 
pulmonary disease)

- Cardiovascular diseases 
(inc. IHD – ischemic heart disease,
STROKE – cerebrovascular disease)

- Lung Cancer (LC)

(≈ CPD)

∆Mort = y0 x (1-exp-βΔX) x Pop

ΔX = Change in 
concentration



• Air pollution is underappreciated for global health.
• Air pollution and its health impacts are changing globally, and 

will change in ways interrelated with climate change.
• Air pollution science offers new possibilities: new 

measurement methods measuring more chemical 
components, cheap sensors that can be widely deployed, 
satellites, and models.

• There is a need for the communities of air pollution science 
and air pollution health effects science to work together 
better.



Epidemiology

Toxicology

Medicine

Exposure Science

Atmospheric Science

Engineering

Chemistry

Physics

• Measurements of chemical components
• Spatially-distributed measurements (cheap sensors)
• Satellite observations
• Computer models



Epidemiology

Toxicology

Medicine

Exposure Science

Atmospheric Science

Engineering

Chemistry

Physics

• Which pollutants to emphasize, averaging times
• Risk functions
• Biological mechanisms



American Cancer Society 
Study (Pope et al., 2002)

>500,000 adult volunteers 
followed.
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Global Burden: Ozone-related mortality

Respiratory mortality , deaths yr-1 (1000 km2)-1, 
multi-model mean in each grid cell , 14 models 

Global and regional mortality per year

Regions
Total 

deaths

Deaths 
per 

million 
people (*)

North America 34,400 121

Europe 32,800 96

Former Soviet Union 10,600 66

Middle East 16,200 68

India 118,000 212

East Asia 203,000 230
Southeast Asia 33,300 119

South America 6,970 38

Africa 17,300 73

Australia 469 29

Global 472,000 149

(*) Exposed population (age 30 and older)

Silva et al. (2013)


