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Today’s Presentation

e Trends in ozone pollution and
scientific evidence

 AIr quality policies and health
benefits

e Ozone and climate change
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Extreme Levels - Today
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Ozone Levels i1n the U.S.

National Ozone Trend (180 Locations)
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Nonattainment Areas

8-Hour Ozone Nonattainment Areas (2008 Standard)

2012
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EPA’s Recent Scientific

Assessment of Health Effects

Causal Respiratory effects
Likely causal CVD effects, total mortality | Respiratory effects
Suggestive of causal Central nervous systems CVD effects, reproductive
relationship and developmental effects,
central nervous effects, total
mortality
Inadequate information Cancer

Adapted from: U.S. EPA 2012 ISA



Scientific Evidence for Ozone

and Human Health

* Impacts from respiratory symptoms to
premature mortality.

e Growing evidence for other outcomes.
* No evidence of a “safe” threshold.

 Strong evidence that the effects are not
an artifact of temperature or particulate
matter total mass (PM, ;).



New FIndings

Strong evidence that the effects are not confounded by
chemical components of PM, ..
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Alr Quality
Policies and Health
Benefits



Effects at Low Levels
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Health Impacts Can Occur at Low

Levels (below NAAQS)

8-Hour Ozone Nonattainment Areas (2008 Standard)
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Cost Effectiveness of Policies

* How do the benefits compare to the costs of
air pollution policy?

Costs

U.S. EPA’s analysis of the < (G35 o)
Clean Air Act:
e Benefits more than 30
times that of costs. Benef
. enefits
» Key benefits from ($2 trillion)

averted mortality

Figure: Adapted from U.S. EPA



Ozone and Climate
Change



Pathways for Climate Change’s

Impact on Air Pollution Levels

e Multiple pathways

— Precipitation, wind speed and direction,
temperature

— Higher temperature means

e Faster chemical reaction rates for formation
of tropospheric ozone

* More emissions of natural ozone precursors



Tropospheric Ozone Chemistry
(simplified)

° o

VOCs + NO, + heat / sunlight — O,
— /

Secondary
Precursors to ozone pollutant
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— Higher temperatures cause
Increased VOC emissions
from trees

 Increase of 10°C can double
biogenic emissions

— Biogenic emissions can be
on the same order of
magnitude as anthropogenic
emissions



Study of Ozone, Climate Change,

and Health

e 50 Eastern U.S. Cities

o Used global climate, air quality, and
meteorological modeling to estimate how
climate change could effect ozone levels

o Compares summers in the 1990s to the
2050s

Bell et al. Climatic Change 2007



Increase in Ozone (1990s to the 2050s)
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Bell et al. Climatic Change 2007



% of Summer Days Iin Each O, Air Quality Index

Category (Average Across 50 U.S. Eastern Cities)

Red (1.2%) Red (2.5%)

Purple (0.3%)
Orange (8.0%)

Yellow (27.5%)

Yellow (31.0%)

Current Climate Future A2 Climate
(1990s) (2050s)



Co-Benefits (and Co-Costs) of Climate Change and

Air Quality Policies

Alr Climate
Quality Change «Many policies to improve
Policies Policies air quality would lower

GHG emissions.

Many policies to
avoid/mitigate climate
change would improve air
guality in the short-term.

Human
Health




E.g|, explicit E.g., airlquality

Relationship
between
Climate

E.gl concentration-response C h an g e an d
fungtions from epidemioldg) A| r Q u al |ty
H Policies

E.g., Estimate of

installatipn, and
maintengnce of
air pol{ution

E.g., willingness-to-pay,
cost-of-illness



http://www.ehjournal.net/content/7/1/41/figure/F1

Concluding Thoughts

e Trends in O, pollution and science

— Substantial progress, still a concern
— Growing evidence for more health outcomes

 AIr quality policies and health benefits

— Benefits at lower levels (including below
NAAQS)

— Policies can be highly cost effective
e Ozone and climate change

— Health impacts under a changing climate
— Policy opportunities: co-benefits



Thank you!

E-malil: Michelle.Bell@Yale.edu

Website: http://environment.yale.edu/bell/
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