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Airshed management 

 

 

 

• Integrated, multistakeholder approach 

• Focus on airshed actions within regional / 
national / global context 

• Health as a key goal 

Provincial Framework for Airshed Planning, BC Ministry of Environment, 2006.  
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Why assess effectiveness? 
 

• Inform (better) future policies 

– Compare alternatives 

• Cost effectiveness 

– Including costs of implementing ineffective 
measures 

• Identify unintended consequences 

• Demonstration to stakeholders that actions 
were effective and worthwhile 
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Some questions to consider 

• Do we need a local study? 

• Do we need to assess impacts on health? (vs 
air quality) 

• What can modeling tell us? 
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Health Effects Institute, 2010. Proceedings of an HEI Workshop on Further Research to Assess the Health Impacts of Actions Taken to Improve Air 
Quality. Communication 15.  Health Effects Institute, Boston, MA. 

 

emitted mass

inhaled mass
fraction intake inhalation 
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Air pollution and health 

• Air pollution (individual) risk is 
small…but large exposed 
population = large population 
risk 
– Drug abuse, Radon: Larger risk, 

smaller exposed population 

• On days with worse air quality, 
more people die* 

• In more polluted cities, people 
die earlier than in less polluted 
cities… 

• …and, in the most polluted 
areas of cities, there is an 
increased risk of dying 
 

 

 
 

Larrieu et al. Am J Epidemiol, 2009  

*out-of-hospital, >65 yrs 6 



Global Burden of disease attributable to 20 leading risk factors in 2010, expressed as 
percentage of global disability-adjusted life years, both sexes 
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3.2 million deaths/yr 
Among top global risk factors  

9th overall (4th in East Asia [China]; 6th in South Asia [India +]) 
 Lim et al. The Lancet 2012; 380:2224-2260 

http://www.thelancet.com/journals/lancet/article/S0140-6736(12)61766-8/abstract
http://www.thelancet.com/journals/lancet/article/S0140-6736(12)61766-8/abstract
http://www.thelancet.com/journals/lancet/article/S0140-6736(12)61766-8/abstract
http://www.thelancet.com/journals/lancet/article/S0140-6736(12)61766-8/abstract
http://www.thelancet.com/journals/lancet/article/S0140-6736(12)61766-8/abstract


7,200 deaths/yr PM2.5 (340 deaths/yr ozone) 
Among top risk factors (#8 deaths, #11 DALYs) 
 

CANADA (2010) 
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http://www.healthmetricsandevaluation.org/sites/default/files/country-profiles/GBD%20Country%20Report%20-%20Canada.pdf 

http://www.healthmetricsandevaluation.org/sites/default/files/country-profiles/GBD Country Report - Canada.pdf
http://www.healthmetricsandevaluation.org/sites/default/files/country-profiles/GBD Country Report - Canada.pdf
http://www.healthmetricsandevaluation.org/sites/default/files/country-profiles/GBD Country Report - Canada.pdf
http://www.healthmetricsandevaluation.org/sites/default/files/country-profiles/GBD Country Report - Canada.pdf
http://www.healthmetricsandevaluation.org/sites/default/files/country-profiles/GBD Country Report - Canada.pdf
http://www.healthmetricsandevaluation.org/sites/default/files/country-profiles/GBD Country Report - Canada.pdf


Crouse DL, Peters PA, van Donkelaar A, Goldberg MS, Villeneuve PJ, Brion O, Khan S, Atari DO, Jerrett M, Pope CA, Brauer M, 

Brook JR, Martin RV, Stieb D, Burnett RT. Risk of nonaccidental and cardiovascular mortality in relation to long-term exposure to low 

concentrations of fine particulate matter: a Canadian national-level cohort study. Environ Health Perspect. 2012;120(5):708-14. 

Adjustment for multiple individual-level, contextual covariates 

Canadian Census Cohort (1991 – 2001) 

2.1 million subjects 
 
Includes rural 
populations 
 
Associations at VERY 
low PM2.5  levels 
 Min: 1.9 μg/m
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 5
th

: 4.2 
 Mean: 8.7 
 IQR: 6.2  
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Early air quality management 

• Emission reductions 

• Tall stacks 

• Smoke control 

• Centralized heating 

• Zoning 

 

 

False Creek, Vancouver, in 1939 (noon)  

Dublin, Ireland 

2012 annual average PM2.5 ≈ 4 µg/m3 
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Clancy L, Goodman P, Sinclair H, Dockery D. Effect of air-pollution control on death rates in Dublin, Ireland: 

an intervention study.  Lancet 2002; 360: 1210–14 

5.7 % decrease in total non-

trauma deaths 

15.5% decrease in 

respiratory deaths 

 

10.3% decrease in 

cardiovascular deaths 

 

controlling for temperature, 

humidity, day of week, 

respiratory epidemics, death 

rates in the rest of Ireland 

Effect of Air-Pollution 

Control on Death 

Rates in Dublin, Ireland 

Sale of coal is banned  
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“Modern” air quality management 
(1980s-1990s) 

• Urban airshed approach: emphasis on 
overall emissions reductions 
– Little attention to land use 
– Regional air quality 
– Ozone, Acid rain 

• Focus on motor vehicles as a proportion 
of total emissions 
– Engine technology  

• Catalytic converters, fuel injection 
• Inspection and maintenance programs  
• Fuel quality 

• Point source emissions controls  
• Scrubbers, catalysts, improved 

efficiency 



Hong Kong 
 

Cardiorespiratory and all-cause 

mortality after restrictions on 

sulphur content of fuel in Hong 

Kong: an intervention study. Hedley AJ, 

et al. Lancet. 2002 
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Fine-Particulate Air Pollution and Life Expectancy 

in the United States. Arden Pope, III, Ph.D., Majid Ezzati, 

Ph.D., and Douglas W. Dockery, Sc.D     N Engl J Med 

2009;360:376-86 

Reductions in air 

pollution accounted 

for up to 15% of 

increased life 

expectancy (2.7 years) 



The benefits of policies to address 
population risk 

• Air quality regulations 
benefit:cost ratios 

      ~4:1 – 30:1 

• Clean air rules 
responsible for majority 
of ALL estimated 
benefits (and costs) 
generated by Federal 
regulation  
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Challenges in intervention assessment 

• Association or causation?  

• Consider impacts of actions focused on other 
(non-health) goals...  

...otherwise may miss co-benefit opportunities 

requires multisectoral partnerships  

• Evaluate unintended health consequences of 
other actions 
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22% decrease in peak weekday morning traffic counts 
 
11 - 44% decrease in asthma acute care events 

Friedman MS, Powell KE, Hutwagner L, Graham LM, Teague WG. Impact of Changes in Transportation and 

Commuting Behaviors During the 1996 Summer Olympic Games in Atlanta on Air Quality and Childhood 

Asthma. JAMA. 2001;285:897-905 19 



• Similar reductions in 
ozone in surrounding 
region.  

• Both meteorologic 
conditions and reduced 
traffic may have played a 
role in the observed 
reduction in ozone in 
Atlanta.  

• Little or no evidence of 
reduced ED visits during 
the Olympics. 

• Intervention strategy not 
sustainable as a pollution-
reduction strategy 
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E-Z pass and premature birth 

Reductions in traffic 
congestion generated 
by E-Z Pass reduced 
incidence of 
prematurity (10.8%) 
and low birth (11.8%) 
among mothers within 
2km of a toll plaza 

Currie J, Walker R. TRAFFIC CONGESTION AND INFANT HEALTH: EVIDENCE FROM E-ZPASS. Working Paper 15413 

http://www.nber.org/papers/w15413  NATIONAL BUREAU OF ECONOMIC RESEARCH 
22 

http://www.nber.org/papers/w15413


Challenges in intervention assessment 

• Association or causation?  

• Consider impacts of actions focused on other 
(non-health) goals...  

...otherwise may miss co-benefit opportunities 

requires multisectoral partnerships  

• Evaluate unintended (health) consequences of 
other actions 
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• Reduction in fuel use, 
CO2 emissions 

• Increase in particle 
emissions 

• 90 additional air 
pollution deaths / year 

• Changes in vehicle mass 
distribution 

• Missed opportunity for 
simultaneous reduction 
in vehicle-crash fatalities 

Mazzi EA, Dowlatabadi H. Air quality impacts of climate mitigation: UK policy and passenger vehicle choice. Environ Sci Technol. 

2007 Jan 15;41(2):387-9; Mazzi E. An integrated assessment of climate mitigation policy, air quality and traffic safety for passenger 

cars in the UK. PhD Thesis. UBC 2010. http://hdl.handle.net/2429/23816  

http://www.ncbi.nlm.nih.gov/pubmed/17310696
http://www.ncbi.nlm.nih.gov/pubmed/17310696
http://www.ncbi.nlm.nih.gov/pubmed/17310696


Modeling 
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Air pollution interventions and their impact on public health. Henschel S, 
Atkinson R, Zeka A, Le Tertre A, Analitis A, Katsouyanni K, Chanel O, Pascal M, 
Forsberg B, Medina S, Goodman PG.  Int J Public Health. 2012. 

Stockholm Congestion Charge Scheme 
• 12% reductions in NOx on highest-

traffic roads 
• 27 deaths avoided/year (+other 

health benefits) 
Johansson C, Burman L, Forsberg B.  The effects of congestions tax on air 
quality and health. Atmos Environ. 2009 

http://www.ncbi.nlm.nih.gov/pubmed/22592907


The local scale 

• Residential woodsmoke  

– low hanging fruit? 

• Traffic-related air pollution 

– Opportunities to link with other built environment 
initiatives (physical activity, climate change) to 
improve population health 
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Giles L et al. Environmental Health Perspectives, 2011. 119:29-36  



• ~39% reduction in winter PM10 

•  winter cardiovascular (-19.6%) and respiratory (-27.9%) mortality 
• Similar decreases not observed in control community 

 Evaluation of interventions to reduce air pollution from biomass smoke on mortality in Launceston, Australia: retrospective analysis of daily 
mortality, 1994-2007. Johnston FH, Hanigan IC, Henderson SB, Morgan GG. BMJ. 2013 

Tasmania woodstove  → electricity 

 

http://www.ncbi.nlm.nih.gov/pubmed/23299843
http://www.ncbi.nlm.nih.gov/pubmed/23299843
http://www.ncbi.nlm.nih.gov/pubmed/23299843
http://www.ncbi.nlm.nih.gov/pubmed/23299843
http://www.ncbi.nlm.nih.gov/pubmed/23299843
http://www.ncbi.nlm.nih.gov/pubmed/23299843
http://www.ncbi.nlm.nih.gov/pubmed/23299843
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• ~30% reduction in winter PM2.5 

•  in childhood wheeze, itchy eyes, sore throat, cold, bronchitis, influenza, 
throat infections 

• School absence associations inconsistent 
A rural community intervention targeting biomass combustion sources: effects on air quality and reporting of children's respiratory 
outcomes. Noonan CW, Ward TJ, Navidi W, Sheppard L. Occup Environ Med. 2012 

95% of stoves exchanged 

New stoves still relatively high emitters 

Libby, Montana stove exchange 

http://www.ncbi.nlm.nih.gov/pubmed/22302628
http://www.ncbi.nlm.nih.gov/pubmed/22302628
http://www.ncbi.nlm.nih.gov/pubmed/22302628
http://www.ncbi.nlm.nih.gov/pubmed/22302628


The Fog of Austerity: This Smoke Cloud Is the 
Ultimate Symbol of Greece's Depression 

(Bulkley Valley) Woodstove Exchange STudy   

Cautionary tales – the 
impact of the economic 
context 



An air filter intervention study of endothelial function among healthy adults in a woodsmoke-impacted community. Allen RW, Carlsten C, Karlen 
B, Leckie S, van Eeden S, Vedal S, Wong I, Brauer M.  Am J Respir Crit Care Med. 2011 

Air filtration 

• Portable HEPA filters 60% 
 in indoor PM2.5  

•  endothelial function,  
inflammatory markers 
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Monitoring Session 2Monitoring Session 1

Monitoring Session 2Monitoring Session 1

11.2 → 4.6 ug/m3 PM2.5 

127 →  33 ng/m3 levoglucosan 

http://www.ncbi.nlm.nih.gov/pubmed/21257787
http://www.ncbi.nlm.nih.gov/pubmed/21257787
http://www.ncbi.nlm.nih.gov/pubmed/21257787
http://www.ncbi.nlm.nih.gov/pubmed/21257787
http://www.ncbi.nlm.nih.gov/pubmed/21257787


Road proximity & cardiovascular death 

Gan WQ, Tamburic L, Davies HW, Demers PA, Koehoorn M, Brauer M. Changes in residential proximity to road traffic and the risk of death from 
coronary heart disease. Epidemiology. 2010 Sep;21(5):642-9. 
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X-axis: Non-exposure to traffic 
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vs > 50 m 
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Major Roada

≤ 50 m 
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Coronary heart disease (CHD) mortality: Black Carbon 

http://www.ncbi.nlm.nih.gov/pubmed/20585255
http://www.ncbi.nlm.nih.gov/pubmed/20585255
http://www.ncbi.nlm.nih.gov/pubmed/20585255
http://www.ncbi.nlm.nih.gov/pubmed/20585255


Munich Petuelpark 



Munich Petuelpark 



Interventions 

• Just because something 
should work, doesn’t mean 
it will…. 

….Sometimes, things you 
don’t expect to work, will 
provide benefits 

• Most effective interventions 
are prolonged, slow and 
costly…but still cost-
effective! 

• Non-linearity 

• Importance of 
measurement and analysis 
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Interventions 

• Just because something 
should work, doesn’t mean 
it will…. 

….Sometimes, things you 
don’t expect to work, will 
provide benefits 

• Most effective interventions 
are prolonged, slow and 
costly…but still cost-
effective! 

• Non-linearity 

• Importance of 
measurement and analysis 

Pope et al. Circulation, 2009; EHP, 2011 
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Thank you! 

Questions?  

 

michael.brauer@ubc.ca 
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