Climate Change and Ozone Pollution in California
Despite improvements in recent years, California air quality remains among the worst in
the nation with nine of its cities making the list of the top 20 most ozone-polluted cities in
the U.S.1 Ground-level ozone is formed by a reaction between volatile organic chemicals
(VOCs) and nitrogen oxides in the presence of sunlight. VOCs and nitrogen oxides come
from a great variety of industrial and combustion processes. In typical urban areas, at
least half of those pollutants come from cars, buses, trucks, and off-highway mobile
sources such as construction vehicles and boats. Ozone is a strong oxidizing gas that
chemically burns the cells lining the respiratory tract. Exposure to ozone can cause
shortness of breath, wheezing, coughing, and lung inflammation. Researchers have
documented increases in hospital admissions2, asthma development3, and even premature
mortality4 associated with exposure to ozone.
Children are particularly vulnerable to the adverse effects of ozone pollution. Active
children in Southern California communities with high ozone levels are more likely to
develop asthma.5 Long-term exposure to ambient ozone is also associated with decreased
lung development in California college students.6 More recently, the California
Children’s Health Study analyzed the relationship between lung function in 1700 children
and their community’s air pollution over a four year period. Decreases in lung function
were observed in children who reported spending more time outdoors.7 Together these
studies document that ozone exposure is associated with adverse health effects in
California children.
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The linkage between temperature rise, air pollution, and ozone formation is
becoming clearer. Recent global modeling studies investigating the impact of future
climate change on surface-level ozone concentrations conclude that “in general the
impact of climate change alone … on future ozone levels will be to decrease surface
ozone in remote regions and increase it in polluted regions.”8 Because ozone formation
requires the presence of both nitrogen oxides and VOCs, in remote areas where nitrogen
oxides are scarce, the increased concentrations of atmospheric water vapor expected as a
consequence of increased greenhouse gas emissions actually enhance ozone destruction.9
But atmospheric chemical conditions and the consequent predicted response of ozone to
climate change are dramatically different in polluted regions: in urban areas and other
areas with high levels of nitrogen oxides, ozone is expected to increase with the
combination of increased temperatures and increased water vapor.10
Of course, no one expects climate change to occur without contemporaneous
changes in emissions of “conventional” air pollutants that directly impact local and
regional-scale air quality. But global atmospheric chemistry and transport studies
examining the combined effects of climate change and future emissions trends concur in
the expectation that without further regulatory intervention, ozone concentrations in the
Northern Hemisphere will increase.11 Under some scenarios, the projected increases in
ozone concentrations are very dramatic.12
For the globe as a whole, the expectation that surface temperatures will increase
as climate change progresses is firmly established. California in particular is expected to
experience warmer temperatures as climate change progresses in the coming decades.13
Projections of regional air quality associated with climate change indicates that ozone
levels will increase, particularly in the fall, along with warmer temperatures, increased
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downward solar radiation, lower rainfall, more frequent stagnation episodes and reduced
ventilation.14
California is also highly vulnerable to several adverse impacts of climate
change.15 Its economy relies heavily on agriculture, its coasts are profoundly susceptible
to sea level rise, and its water resources are critically vulnerable. California is also prone
to wildfires, the incidence of which is expected to increase if climate change progresses.
Moreover, the challenge of reducing ozone levels in California cities and agricultural
areas is expected to become harder with advancing climate change.16 And these high
ozone levels will also be exacerbated by higher temperatures from global warming.17
“Our Changing Climate”, a study by the California Air Resources Board,
California Department of Water Resources, California Energy Commission, CalEPA, and
the Union of Concerned Scientists, found that more than 90 percent of California
residents live in areas that violate the state air quality standard for either ground-level
ozone or particulate matter. The combined public health impact of ozone and particulate
matter is astounding, contributing to 8,800 deaths and $71 billion in healthcare costs
annually.18
Higher temperatures are robustly linked to higher ozone concentrations, based on
both observations and theoretical understanding of atmospheric chemistry.19 Even
moderate increases in temperatures are projected to result in 75 to 85 percent more days
with weather conducive to ozone formation in Southern California – doubling the impact
of ozone if temperature increases are slight.20
Aw and Kleeman21 applied a state-of-the-art atmospheric chemistry and transport
model to the South Coast Air Basin to examine the influence of changes in temperature
on air quality. They first applied the CIT/UCD (California Institute of
Technology/University of California at Davis) model to a historical pollution episode
(September 23- 25, 1996) for which detailed air quality observations were available for
comparison with model results. After evaluating the model, they examined how predicted
ozone concentrations would change if ambient temperatures were increased by 2 K or 5
K, with no other changes introduced. Peak (1-hour average) ozone concentrations, which
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occurred in the northeastern portion of the basin, increased by 7 ppb with a 2 K
temperature increase and by 16 ppb with a 5 K increase.
Another model evaluated the effect of climate change on ozone air quality in
central California.22 Considering the effects of increased temperature, increased
atmospheric water vapor, and increased biogenic VOC emissions (due to higher
temperatures), the modeling identified scenarios such as a high pressure system over the
interior West reducing incoming westerly flows, creating stagnant conditions leading to
ozone concentrations of about 100 ppb to the south and east of San Francisco and in the
southern part of the San Joaquin Valley. The climate sensitivity cases were based on a
regional climate study that predicted temperature increases by mid-century ranging from
about 1oC at the coast to about 4oC in the Sierra Nevada. Water vapor concentrations in
the sensitivity cases were increased to reflect the temperature changes, while holding
relative humidity constant. Increases in VOC emissions from vegetation were also
incorporated in the simulations, consistent with their temperature response. With
emissions and inflow boundary conditions unchanged from the base case, the combined
effect of these climate change factors was to increase ozone in the San Francisco Bay
Area by up to 10 ppb.
"Our Changing Climate" also analyzed the suite of adverse impacts on California
due to rising greenhouse gas emissions that include but are not limited to the following:
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•

Temperature increases of 8-10º F could result in up to 100 more days per
year with temperatures above 90º F in Los Angeles and above 95º F in
Sacramento, nearly twice the increase associated with temperature
increases of 3-5 º F.

•

Extreme high temperatures increase the risk of death from dehydration,
heat stroke/exhaustion, heart attack, stroke, and respiratory distress caused
by extreme heat. Extreme heat events in urban centers such as
Sacramento, Los Angeles, and San Bernadino could increase heat-related
deaths by two to three times current levels. Not surprisingly, the most
vulnerable members of the population extreme heat include people who
are already ill; children; and the elderly. Low socioeconomic status
confers an additional burden as it restricts access to air conditioning and
medical assistance.

•

Heat-trapping emissions will increase precipitation in the form of rain
instead of snow, reducing the Sierra Nevada spring snowpack by as much
as 70 to 90 percent.

•

Agricultural areas will be impacted by a loss of up to 25 percent of needed
water supply, resulting in widespread changes to the California agriculture
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industry, reducing the quantity and quality of agricultural products
statewide.
•

Decreased water volumes decrease the potential for hydropower
generation, and adversely affect recreation as well.23

Global warming is expected to have a variety of adverse impacts on human health
and well-being in California. Given the strong evidence for serious health effects
associated with ozone exposure, the prospect of higher and more difficult to control
ozone concentrations should rank highly in severity among the anticipated climate
change impacts. Rigorous controls on emissions on both ozone precursors and
greenhouse gases are urgently needed to moderate the future worsening of California’s
severe ozone problem.
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