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Overview

• Which air pollutants are of greatest health concern and why?

• Ozone and Particulate matter
• Background and history

• Case studies

• Current research

• How might climate change affect air quality?



Air Pollution: the Big Picture

• Most but not all health-relevant outdoor air pollutants are 
produced by burning of fossil fuels

• The mixtures of air pollutants produced by burning of fuels can 
both
• Adversely affect human health

• Promote climate change

• In addition:
• Climate influences air pollution concentrations via several mechanisms

• Climate can affect other aspects of air quality, including smoke from 
agricultural or wild fires, and aero-allergens like pollen and mold spores



Criteria Air Pollutants

• Carbon monoxide (CO)

• Nitrogen dioxide (NO2)

• Lead (Pb)

• Sulfur dioxide (SO2)

• Ozone (O3)

• Particulate matter (PM2.5, PM10)



Ground-level Ozone

• A “secondary pollutant” i.e., formed via reactions in the 
atmosphere from primary pollutants (NOx and VOCs) in the 
presence of sunlight
• Where do NOx and VOCs come from?

• Higher temperatures favor ozone formation

• Strong oxidant that damages cells lining the respiratory 
system, resulting in a variety of adverse health outcomes, 
including lung function decrease, asthma attacks, and 
premature death

• Ozone is also a greenhouse gas



Source: US EPA (1991); in Kleinman and Lipfert, 1996.



Ozone Formation

USDA Forest Service, 2013



Arlene Fiore, Intro to Atmospheric Chemistry, Lecture 13, from Daniel Jacob



Ozone and Acute Deaths

Bell et al., 2004



Particulate Matter (PM2.5, PM10)

• A complex mixture of extremely 
small particles and liquid droplets, 
made up of acids, organic 
chemicals, metals, and soil or dust 
particles (EPA 2010)

• Divided into two subcategories: 
inhalable coarse particles (PM10) 
and fine particles (PM2.5)

• PM2.5 is a big concern: bypass 
body’s defense mechanism, and 
no natural clearance process



Particulate Matter (PM2.5, PM10)

• Can be either primary or secondary; produced by combustion, 
atmospheric reactions, and mechanical processes

• Wide range of physical/chemical properties 

• Wide range of human health impacts, including premature 
death

• Higher temperatures may favor secondary formation processes 
in the atmosphere

• Some particle types contribute to climate warming; others to 
climate cooling
• Which?



PM2.5 Composition

Annual average fine particle data for 2001 from the Look Rock station of the Tennessee Valley Authority. Source: 

http://www.tva.gov/environment/air/ontheair/fine_particles_smokies.htm
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PM2.5 Constituents by Region
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mean of OrganicCarbon mean of BlackCarbon





upon

EPIDEMIOLOGY?

EPI DEMOS LOGOS

Epidemiology is a not a body of knowledge: 
It’s a methodology, a way of studying a health problem.

The study of the distribution 
and determinants of health 

and disease in specified 
populations

The study of “what 
befalls a population”

LINKING EXPOSURE TO DISEASE OUTCOME (IN HUMAN POPULATIONS)

people study



Health Effects of PM

• Historical experience provides strong evidence for causal relationship 
between PM exposure and premature death

• Modern epidemiologic studies have consistently found significant 
associations with a range of adverse health outcomes

• Two primary epidemiologic study designs:

• Time series studies of acute effects

• Cohort studies of chronic effects



London, December, 1952



London Killer Fog, December, 1952

Date
UK Met Office, 2009



Time Series Epidemiology

• Addresses short-term, acute effects of air pollution

• Involves analysis of a series of daily observations of air 
pollution and health data

• Widely used and economical approach, often utilizing readily-
available data

• Most air pollution epidemiology studies have followed this 
design



Prospective Cohort Studies

• They address longer-term, more chronic effects

• Approach:
• Large populations in multiple cities enrolled and then followed for 

many years to determine disease or mortality experience

• Must control for potential “spatial” confounders, 
e.g., smoking, income, race, diet, occupation

• Assessment of confounders at individual level is an advantage over 
cross-sectional, “ecologic” studies



Harvard Six Cities Study

• Long-term average 
concentrations of fine particle 
air pollution were associated 
with mortality rates, 
controlling for individual-level 
risk factors across six US cities

Dockery et al., 1993







Pope, C.A. et al., Journal of the American Medical 

Association: 287, 1132-1141, 2002

A replication in a larger cohort:



American Cancer Society Cohort Study

• Original study had nothing to do with air pollution, so this was 
“opportunistic epidemiology”

• Objective: To assess the relationship between long-term 
exposure to fine particulate air pollution and all-cause, lung 
cancer, and cardiopulmonary mortality

• Approach: Vital status and cause of death data were collected 
by the American Cancer Society through 1998 in 500,000 U.S. 
adults from 50 urban areas for which air pollution exposure 
data were available in 1980.



ACS Cohort Results

Pope et al. 2002





Conclusion

“Long-term exposure to combustion-
related fine particle air pollution is an 
important environmental risk factor for 
cardiopulmonary and lung cancer 
mortality.”



Beijing: Before and After Olympics

http://news.bbc.co.uk/2/hi/in_pictures/7506925.stm



The Air Pollution Brick



More Beijing



What about Data?

• Real time AQI exists, available for hundreds of cities

• Reports concentrations of various air pollutants, including PM2.5

• But…







Another Caveat…

• Public data only 
available from 2013 and 
on

• What about pre-2013?





Comparison with GFDL Model





Piecing Together the Puzzle



A Grueling Process…Not Fun



But it Exists!



How might Climate Change affect Air Pollution?

• Formation reactions for secondary pollutants generally happen 
faster at high temp and with greater sunlight

• Biogenic emissions increase at higher temp

• Some particle species may volatilize at higher temperatures

• Regional air mass patterns over time and space may change, 
altering stagnation and clearance events

• The mixing height of the lower atmosphere may change, affecting 
dilution of pollution emitted at the surface

→ Use Coupled Climate/Air Quality Models to Investigate



Climate-induced Changes in Ozone (ppb) 
from late 20th to late 21st Century

Fang et al., Climatic Change, 2013



Climate-induced Changes in PM2.5 (µg/m3) 
from late 20th to late 21st Century

Fang et al., Climatic Change, 2013



Key Inputs and Assumptions in Assessing 
Future Climate-Air Quality-Health Impacts

• Baseline and Future Time Windows
• Climate models

• Which models?
• At what spatial scale?  Downscaling?

• Greenhouse gas emission scenarios
• SRES (older IPCC reports); RCPs (newer IPCC reports)

• Air pollution models and emission scenarios
• Which models?  Downscaling?

• Exposure-response functions
• Population projections
• Baseline mortality rates by region and over time



Take-Home Messages

• Air pollution is bad; PM2.5 and ozone priority

• Many historical and current research that document health effects of 
PM2.5, currently a huge concern

• Climate change will make it harder to achieve future air quality goals 
– the “climate penalty”

• We lack climate/air quality/health information at fine spatial scales 
relevant to local decision makers

• To the extent possible, air pollution and climate mitigation should be 
planned in a coordinated way



Questions?


