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Particulate matter in the atmosphere affects
air quality, which can impact visibility, our
health, and the climate. Since amendments
to the 1990 Clean Air Act in the United States,
decreases in particulates derived from
anthropogenic emissions have been achieved.
Dr Jenny Hand from the Cooperative Institute
for Research in the Atmosphere has utilised a
monitoring network across the United States
to define seasonal and regional trends in
atmospheric particulate matter from 2000
through 2021, identify their sources, and

critically, make recommendations for future

target emission reductions.
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Atmospheric Particulate Matter

Microscopic particles suspended in the atmosphere, hereafter
referred to as particulate matter, comprise many different
species (e.g. sulphate, nitrate, chloride, mineral dust, organic and
elemental Corbon), which are derived from both natural and
anthropogenic (human activities) sources. These species have
different lifespans in the atmosphere. They can vary by season,
subsequently affecting air quality, which can potentially have
widespread impacts on visibility, our health, the climate, cloud
processes, and ecology.

On the back of the Clean Air Act amendments in 1990, some
anthropogenic emissions have decreased, leading to a reduction
in some particulate matter species and, consequently, an
improvement in air quality in remote parts of the United States.
There are, however, many more opportunities for emission
reduction that would further reduce atmospheric particulate
matter and improve air quality.

Dr Jenny Hand of the Cooperative Institute for Research in the
Atmosphere, alongside Drs Anthony Prenni and Bret Schichtel of
the National Park Service's Air Resources Division, have analysed
data from a network of monitoring stations across the United
States. They have defined seasonal and regional trends in
particulate matter, identified their likely sources, and scoped future
target sources to further reduce atmospheric particulate matter.

The IMPROVE Network

Drs Hand, Prenni, and Schichtel obtained data collected by
the Interagency Monitoring for Protected Visual Environments
(IMPROVE) network — a network of 155 monitoring sites located

across the United States, predominantly based in remote or

rural settings. The IMPROVE network tracks particulate matter
composition across the United States using filters, which are
collected and subsequently analysed.

Drs Hand, Prenni, and Schichtel analysed daily suspended particle
data from 2000 through 2021 for remote and rural sites across all
regions of the United States, subsequently calculating seasonal
(ie. winter, spring, summer, and autumn) and regional trends in
the concentration of particulates in the atmosphere. They used
spatial (ie. areal) and seasonal trends in particulate matter to
compare to emission sources and comment on the influence(s)
of different sources on air quality. This is important because being
able to identify impacts from certain species of particulate matter
can be used to feed into future strategies or regulations that can
target specific sources.

Seasonal Variation in Atmospheric Particulate
Matter

When analysing the seasonal average trends of atmospheric
particulate matter, Drs Hand, Prenni, and Schichtel have shown
that during the study period (2000-2021), the strongest reductions
in particulate matter occurred in the Eastern United States,
especially during the summer and autumn. The reduction of
particulate matter was on the order of 6—7% per year. This strong
reduction was predominantly driven by significant reductions

in sulphate concentrations (3-14% per year), which displayed
substantial year-round reductions. However, less significant nitrate
and organic carbon reductions also contributed to this trend. This
was not the case for the Western United States, however, which
displayed minor reductions in particulate matter in the winter



and spring (<3% per year) and slightly positive but insignificant
increases (generolly <l%) in the summer and autumn.

These seasonal trends point to a strong spatial gradient between
the Eastern and Western United States during the summer and
autumn. This spatial gradient can be attributed to particulate
matter sources with regional influences, such as biomass smoke
emissions (i.e, wildfires). The spatial gradient observed in the
summer and autumn is not as prominent during the winter and
spring, with widespread reductions generally seen across the
United States, although remaining strongest in the east.

Regional Variation in Atmospheric Particulate
Matter

Drs Hand, Prenni, and Schichtel found that the regional average
trends displayed near-constant reductions in particulate matter
across all seasons across most of the United States. These regional
reductions were strongest in the northeast and southeast during
the summer (4-5% per year) and comparable to seasonal data
trends. The Midsouth and Central regions of the United States
displayed year-round reductions in particulate matter (2-3% per
year), although to a lesser degree than the Eastern regions. Trends
in the Western regions differed, with more notable reductions in
particulate matter in the winter and spring, although reductions
were insignificant in summer and autumn.

The insignificant reductions observed in particulate matter in the
Western regions during the summer and autumn are attributed

to contributions of organic carbon to the atmosphere, which are
more significant in the Western compared to Eastern (where year-
round reductions are observed) United States. These increased
contributions of organic carbon align with the United States’
wildfire fire season, which would result in the addition of organic
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carbon to the atmosphere, muting the year-round reduction
in particulate matter observed across the United States. The
influence of the fire season in contributing particulate matter to
the atmosphere across the Western United States is now more
clearly apparent due to the regulation of some anthropogenic
sources resulting in particulate matter reductions.

What Have We Learnt?

Drs Hand, Prenni, and Schichtel observed reductions in particulate
matter across almost all regions and all seasons in the United
States. Overall, the annual average trend for the United States
represented a 1.8% reduction per year in atmospheric particulate
matter, primarily driven by significant reductions in sulphate
emissions. Eastern regions of the United States displayed the
strongest reductions in atmospheric particulate matter, while
Western regions generally displayed the weakest.

On this basis, Drs Hand, Prenni, and Schichtel conclude that
regulatory activity does work and helps reduce particulate matter
in the atmosphere, improving air quality. However, as particulate
matter from currently regulated sources decreases, the
proportion of unregulated anthropogenic (e.g. oil, gas, agriculture)
and natural (e.g. wildfires, desert dust) sources will increase
comparatively, with contributions from natural sources at risk of
being exacerbated by the effects of climate change and land-
use changes — wildfires could potentially become more frequent
and/or larger. Therefore, attention must now be directed to these
sources to continue improving air quality across the United States.

/\ Great Smoky Mountains National Park: 1990 (left) versus 2022 (right).
Credit Jenny Hand.
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Drs Hand, Prenni, and Schichtel

analysed daily suspended particle
data from 2000 through 2021 for
remote and rural sites across

all regions of the United States,
subsequently calculating seasonal
(i.e. winter, spring, summer, and
autumn) and regional trends in the
concentration of particulates in
the atmosphere.
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