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An overview of AQAST activities examining the interactions between climate change and U.S. air
quality. These activities utilize Earth System data and models, in addition to satellite observations.
In response to health concerns and subsequent
regulations, U.S. air quality has shown remarkable
improvement in recent years. Eight-hour averages
of surface ozone (O3) have declined by nearly 20%
since 1990, while 24-hr averages of fine particulate
matter (PM2.5) have dropped by 25%.1 However,
unusual weather can interrupt that trend, as was
seen in the hot dry summer of 2012, when
Chicago and St. Louis experienced double the
average number of O3 episodes from the previous
four years. A key question is whether such summers
will become more common under climate change.
More generally, will the day-to-day weather that
accompanies climate change work against decades
of air quality regulation?

Since particles and tropospheric O3 are themselves
radiative forcing agents, trends in their concentrations can, in turn, influence regional and global
climate. A new direction in air quality research
takes into account both the health and climate
impacts of pollutants, and attempts to identify those
emission controls that maximize the benefits to
society.2,3 The NASA Air Quality Applied Sciences
Team (AQAST), which bridges the gap between
NASA science and the needs of air quality management, has contributed toward this research and
provides new tools for air quality managers.

Background
In much of the United States, cold fronts associated
with the low pressure systems known as cyclones
provide the main mechanism for ventilating surface
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air and ending pollution episodes.4,5 Model studies
point to more heat waves and fewer mid-latitude
cyclones in a future, warmer atmosphere,6,7 suggesting that the frequency of pollution episodes may
increase in the absence of additional emissions controls. For PM2.5, increasing temperatures in a future
climate could increase the emissions of some precursors such as ammonia and biogenic compounds,
but simultaneously shift gas-aerosol partitioning
toward the gas phase.8,9 An AQAST-funded effort
reviews the impacts of climate change on air quality.10

model were applied to GEOS-Chem, a global
chemical transport model.12 The study found that
higher temperatures and increased stagnation
enhanced monthly mean O3 by 2–6 parts per
billion (ppb) across the United States in summer,
indicating a “climate penalty.” There remains
uncertainty, however, in the biogenic component
in this response. While warmer temperatures
increase biogenic emissions, elevated CO2 levels
may suppress these emissions through biochemical
mechanisms within the leaf.13

Both O3 and PM2.5 affect regional or hemispheric
climate. Tropospheric O3 absorbs infrared radiation
upwelling from the Earth and is a major greenhouse gas. Particles interact with incoming sunlight
and can lead to both regional cooling and warming. Light-colored particles like sulfate reflect
sunlight and result in cooling, while black carbon
particles (BC) absorb sunlight, warming the atmosphere but cooling the Earth’s surface directly below.
By providing nuclei upon which water can condense
to form clouds, particles can increase cloud cover.
BC deposited on snow and ice surfaces changes
the surface albedo, decreasing the fraction of sunlight reflected to space and allowing warming.

Climate change may also increase the flux of
stratospheric O3 into the troposphere over midlatitudes.14 Results from another AQAST study which
relied on satellite observations and the GFDL
chemistry-climate model point to a large contribution from stratospheric intrusions in springtime
high O3 events at high altitudes in the West.15 We
infer that such events may increase in frequency or
severity in the future.

Policy-makers rely on a metric of climate influence
called radiative forcing to compare the impacts of
one chemical species against another. Radiative
forcing is reported in units of Wm-2 and represents
the imbalance in the Earth’s radiative budget introduced by a given species. The Intergovernmental
Panel on Climate Change (IPCC)11 estimates a global
mean radiative forcing of tropospheric O3 at +0.40
Wm-2, and -0.90 Wm-2 for particles. By comparison,
the global mean radiative forcing for carbon dioxide
(CO2) is +1.82 Wm-2. The relatively short lifetimes
of O3 and particles (days to weeks) result in steep
horizontal gradients in their forcings, which has
implications for regional climate.

Results From AQAST
Effects of Climate Change
on Ozone Air Quality
For a recent AQAST project, present-day and future
meteorological fields from the NASA GISS climate
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Both O3 and PM2.5
affect regional or
hemispheric climate.

Effects of Climate Change
on PM2.5 Air Quality
The sensitivity of the Earth’s climate to changing
greenhouse gases varies from model to model. To
gain confidence in predictions of the impact of
future climate change on PM2.5 air quality, two
AQAST projects have employed results from an
ensemble of climate models archived for the fourth
IPCC. The first analyzed 1999–2010 surface observations to identify the dominant meteorological
modes driving PM2.5 variability across the United
States.16,17 Using the IPCC ensemble, Tai et al.17
found that the projected trends in these modes
would likely have minimal impacts on PM2.5 in the
2000–2050 timeframe.
The second study examined the impact of changing
wildfire on U.S. air quality. Yue et al.18 diagnosed
observed relationships between area burned and
meteorology, and then applied these relationships
to 2050s meteorology from the IPCC ensemble.
A robust result is that the warmer, drier atmosphere of the 2050s will likely lead to increased fire
activity. In contrast to the first study, PM2.5 air quality
in this study significantly worsened due to enhanced
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Figure 1. The impact of NOx
emission locations on O3
radiative forcing, shown
here relative to the impact
of these emissions on O3
concentrations for August
2006. In regions where this
ratio is greater than one,
changes to NOx emissions
are especially efficient in
driving O3 radiative
forcing. From Bowman
and Henze.19

wildfire activity by 2050. Summertime surface
organic carbon particles over the West increased
by 50–70%, while black carbon increased by
approximately 25%, relative to 2000. This work
emphasizes the need for careful forest management
as climate changes.
Linking Emissions to Ozone
and Aerosol Radiative Forcing
In considering the climate impacts of pollutant, policy-makers are often faced with complex choices
that simultaneously affect the abundance of many
co-emitted species. There is thus a push to consider
the radiative forcing of emissions rather than concentrations of the resulting species. Recent AQAST
work has developed a new approach to quantifying
the radiative forcing of air pollution emissions at
much higher spatial scales than previously explored, 250 km rather than continental.
In Bowman and Henze,19 satellite observations of
O3 radiative forcing from the Tropospheric Emission
Spectrometer were combined with GEOS-Chem.
Significant regional variability was found—in some
places by more than a factor of 10—in how efficiently O3 trapped heat in Earth’s atmosphere,
depending upon the locations of precursor emissions (see Figure 1). In regions such as the Southeast United States where strong convection carries
O3 aloft, the O3 forcing showed large sensitivity to
nitrogen oxides (NOx) emissions.
32 em february 2014

In another AQAST effort, Henze et al.20 used
GEOS-Chem to consider the emissions of primary
particles and particle precursors, and found that the
emissions controls required to attain a specific
radiative forcing target varied spatially by up to a
factor of 4. These AQAST efforts demonstrate both
the need and a means for incorporating spatially
refined radiative forcing into the design of air quality
and climate change mitigation policies.
Climate and Air Quality Co-Benefits
Policy-makers seek emissions strategies that have
co-benefits for both health and climate. To address
this issue, AQAST has incorporated the emissionsspecific forcings from Henze et al.19 into a new
decision support tool, GLIMPSE.21 The GLIMPSE
model provides insights into the consequences of
technology and policy decisions on human health,
ecosystems, and global climate. The utility of
GLIMPSE was demonstrated by analyzing several
future energy scenarios under existing air quality
regulations and potential CO2 emission reduction
policies. Opportunities were found for substantial
co-benefits in setting air quality targets for both
climate change mitigation and health benefits.
Though current policies which prioritize public
health protection increase near-term warming,
establishing new policies that also reduce greenhouse gas emissions could offset warming in the
near-term and lead to significant reductions in
long-term warming.
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AQAST also explored another approach for
accounting for the co-benefits of emissions controls
on climate and health. For this study, the EPAMARKAL model of the U.S. electricity sector was
used to examine how imposing emissions fees
based on estimated health and environmental
damages might change electricity generation.22
Fees were imposed on the life-cycle emissions of
the criteria pollutants (sulfur dioxide, nitrogen
oxides, and particulate matter) and greenhouse
gases from 2015 through 2055. One key finding
was that fees imposed solely on pollutants did not
significantly affect greenhouse gas emissions.
Conversely, charging fees only on greenhouse gas
fees reduced NOx emissions up to ~10%, with
only a slight increase in sulfur dioxide emissions.

Therefore, carefully formulated fees may be
needed to achieve significant reductions in both
greenhouse gases and the criteria pollutants.

Summary
Average surface temperatures over the continental
United States are projected to increase by 1–3 oC
by the mid-21st century.11 By providing information
and tools based on Earth System science, AQAST
can aid policy-makers in designing air quality
strategies that maximize the benefits to human
health and global climate. em
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