
 

Study shows why eastern U.S. air pollution
levels are more stagnant in winter
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Particulate haze over eastern Pennsylvania in winter, as seen from the WINTER
campaign aircraft. Credit: Lyatt Jaeglé, University of Washington

The air in the United States is much cleaner than even a decade ago. But
those improvements have come mainly in summer, the season that used
to be the poster child for haze-containing particles that cause asthma,
lung cancer and other illnesses.

A new study led by the University of Washington shows why winter air
pollution levels have remained high, despite overall lower levels of
harmful emissions from power plants and vehicles throughout the year.

"In the past 10 years or so, the summer air pollution levels have
decreased rapidly, whereas the winter air pollution levels have not. Air
quality in summer is now almost the same as in winter in the eastern
U.S.," said corresponding author Viral Shah, who did the work as part of
his UW doctorate in atmospheric sciences. "We have pinpointed the
chemical processes that explain the seasonal difference in response to
emissions reductions."

The study, published the week of July 23 in the Proceedings of the
National Academy of Sciences, shows that the particles follow different
pathways in the winter.

Results came from analyzing observations collected during the 2015
Wintertime Investigation of Transport, Emissions and Reactivity
(WINTER) campaign. During that UW-led effort, researchers spent six
weeks in winter flying through pollution plumes over New York City,
Baltimore, Cincinnati, Columbus, Pittsburgh, Washington, D.C., and
along the coal-fired power plants of the Ohio River Valley.
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The study was funded by the National Science Foundation, with in-kind
support from NASA and the National Oceanic and Atmospheric
Administration.

  
 

  

Sulfur dioxide from power plants (red) and nitrogen oxides from both power
plants and cars (blue) follow various paths to form hazardous sulfate and nitrate
particulates. The multiphase path becomes more important in winter, resulting in
a weaker response of sulfate and nitrate to emissions reductions. Credit: Viral
Shah, University of Washington

Particles that form smog come in different flavors. Two important ones
are sulfates, from sulfur dioxide emitted mainly by coal-fired power
plants, and nitrates, created from nitrogen oxides known collectively as
NOx. Air-quality regulations have lowered sulfur dioxide in the U.S. by
68 percent between 2007 and 2015, and NOx by about a third during
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that time.

Summertime levels of particulates—when the two flavors of oxides
clump up into watery packets of nitrates and sulfates that create
beautiful sunsets but harm human health—have dropped in the eastern
U.S. by about a third during that time. But the winter concentrations of
particulates have decreased by only half as much, for reasons that had
been unclear.

"The air quality models that we use to understand the origin of air
pollution perform quite well in summer, but have some issues in the
wintertime. Before this study, we could not reproduce the observed
particulate composition in winter," said Lyatt Jaeglé, who was second
author on the paper and co-principal investigator of the field campaign.
"We now have a better tool to look at what is the best strategy to
improve wintertime air quality on regional scales in the eastern U.S., and
potentially other places, like Europe and Asia."

In the summer, some of the emitted NOx and sulfur dioxide remains in
the gas phase and gets zapped by sunlight or deposited on land, and the
rest forms particulates in the form of nitrates and sulfates. As the
primary ingredients drop, so do the levels of particulates.

But the new analysis shows that the chemistry of wintertime air follows a
more complex path. With less sunlight and colder temperatures, more of
the chemistry happens in the liquid phase, on the surfaces of existing
particulates or liquid and ice clouds. In that phase, as the primary
ingredients drop, the efficiency of converting sulfur dioxide to sulfate
rises, because more oxidants are available. And as sulfate goes down, the
particulates become less acidic, making NOx convert more easily to
nitrates.

So, even though air quality regulations have reduced both types of
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primary emissions, the total amount of particulates that harm human
health has dropped more slowly.

  
 

  

Study relied on six weeks of measurements captured during the 2015 WINTER
field campaign over the Eastern U.S. Credit: National Science Foundation

"It's not that the reductions aren't working. It's just that the reductions
have a cancelling effect, and the cancelling effect has a set strength,"
said Shah, who is now a postdoctoral researcher at Harvard University.
"We need to make further reductions. Once the reductions become
larger than the cancelling effect, then winter will start behaving more
like summer."

The study predicts that unless emissions reductions outpace current
forecasts, air quality in winter will continue to improve only gradually
until at least 2023. At this rate it would be several years before emissions
reach levels when wintertime pollution starts to drop more quickly.
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"This paper shows that understanding the underlying atmospheric
chemistry that converts primary pollutants into fine particulate matter is
critical for calibrating our expectations about what emissions reductions
will accomplish, and therefore for how to optimize future emissions
reductions to continue getting the 'biggest bang for the buck' in terms of
reducing fine particulate matter concentrations," said third author Joel
Thornton, who was the principal investigator on the field campaign.

The findings suggest that more emissions reductions, of both sulfur and
nitrogen oxides, will be needed to improve wintertime air quality in the
Eastern U.S. and other cold climates.

"This research helps explain why emissions controls to reduce air
pollution substances, such as sulfate and nitrate, have not been as
successful as expected in the eastern U.S. in winter," said Sylvia
Edgerton, program director in the NSF's Division of Atmospheric and
Geospace Sciences, which funded the research. "The WINTER field
campaign produced a unique set of winter observations. They
demonstrate that chemical feedbacks during winter months counteract
expected reductions in air pollution due to reduced emissions."

  More information: Viral Shah el al., "Chemical feedbacks weaken the
wintertime response of particulate sulfate and nitrate to emissions
reductions over the eastern United States," PNAS (2018).
www.pnas.org/cgi/doi/10.1073/pnas.1803295115
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