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An all-of-society approach to achieving U.S. climate
goals—integrating federal policies from Congress and
the Executive Branches with actions from states, cities,
businesses, and communities—can realize improved
air quality and health benefits across every state
and in nearly every county in the United States. 

Climate-smart implementation of existing policies,
including the Inflation Reduction Act and non-federal
actions like renewable portfolio standards (RPS) and
electric vehicle (EV) sales targets, can reduce national
and state-level premature deaths attributable to air
pollution by nearly 3,300 annual deaths in 2030 and
can have a cumulative impact of nearly 35,800 fewer
deaths from 2024 to 2035 compared to no climate
action.

Building on these current policies, an all-of-society
approach will further reduce national and state-level
premature deaths, with an estimated 5,400 fewer
annual deaths in 2030 and a cumulative impact of
nearly 63,600 fewer deaths from 2024 to 2035
compared to no climate action. 

An all-of-society approach will result in improved
air quality and health benefits across every state
and nearly every county in the United States.
Climate-smart implementation reduce deaths
attributable to PM2.5 in 2030 by 10-15% in most
states, with large reductions in the Northeast and
Midwest regions: West Virginia by 18% and Maryland
and Pennsylvania by 15% each. 

Under an all-of-society approach, nearly every
county in America will experience reductions in
premature deaths related to PM2.5—more than 5%
in two-thirds of counties and more than 10% in one-
third of counties.

Actions such as transitioning away from coal
power to renewable energy, adopting electric
vehicles, and enhancing energy efficiency across
all sectors can significantly decrease air
pollutants, leading to substantial health co-benefits
across the U.S. 

KEY FINDINGS
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SUBSTANTIAL HEALTH CO-BENEFITS OF AN
AMBITIOUS, ALL-IN U.S. CLIMATE POLICY 
The United States has set ambitious climate goals to reduce
greenhouse gas (GHG) emissions, including its national
climate target of reducing net emissions by 50-52% by 2030
from 2005 levels and a 2050 net-zero emissions goal (“The
Long-Term Strategy,” 2021). Achieving this goal requires
action across all sectors of the economy to slash emissions
from all GHGs, including carbon dioxide (CO₂) and methane
(CH₄). With the historic passage of the Inflation Reduction
Act of 2022 and the Bipartisan Infrastructure Law of 2021,
and climate action and leadership from states, cities,
businesses, and more, the United States has set a path
forward to achieve its 2030 climate target.  

Actions to reduce GHG emissions, such as shifting away
from fossil fuels and improving energy efficiency, can also
yield co-benefits through reduced air pollutants and improved
air quality. Although air pollutants in the United States have
reduced substantially since the enactment of ambient air
quality standards through the Clean Air Act, they remain a
public health concern. Today, nearly 36% of the U.S.
population—119.6 million people—still live in areas with
unhealthy levels of air pollution, with a record number of daily
spikes in air pollutants reported under current national
standards (American Lung Association, 2023). 

Ambient particulate matter (PM2.5) is the largest air
pollution-related contributor to premature death globally
(Murray et al., 2020; Silva et al., 2013). In the United States,
exposure to ambient PM2.5 is associated with 30,000 to
200,000 premature deaths annually, exceeding the number
of deaths from murders and car crashes combined (Fann et
al., 2012; Jbaily et al., 2022; Murray et al., 2020; Tessum et
al., 2021). Ambient PM2.5 can be produced by both primary
and secondary sources. Primary PM2.5 is emitted directly,
and secondary PM2.5 is formed by precursor emissions of
nitrogen oxides (NOx), sulfur dioxide (SO₂), and others.
Elevated levels of NOx in the air are also closely linked to
asthma and other respiratory conditions (World Health
Organization, 2023). 

Importantly, poor air quality will have disparate impacts
across states, counties, and communities within the United
States depending on various factors such as income,
population density, ethnicity, etc. (Jbaily et al., 2022; Tessum
et al., 2021). As policymakers begin to address these
disparities, it will be important to use location-specific
strategies to reduce air pollution levels (Wang et al., 2022).

It is well-known that an all-of-society or “all-in” approach,
encompassing federal, state, cities, businesses, universities,
faith groups, healthcare, and more, is critical to achieving
U.S. climate goals (Zhao et al., 2022). But what can such an
approach do to reduce emissions from air pollutants and
achieve better air quality? In this analysis, we study the
impacts of varying levels of climate action on the levels of key
air pollutants and associated public health outcomes on a
county-by-county basis in the United States. 

We assess air quality impacts by pairing an air quality model,
InMAP, with an integrated assessment model, Global Change
Analysis Model (GCAM-USA). We first model three scenarios
using GCAM-USA, which projects economy-wide emissions
at the state level. The Existing Policies scenario includes
existing, on-the-books climate actions, including the IRA and
non-federal actions like renewable portfolio standards (RPS)
and electric vehicle (EV) sales targets. The All-In scenario
builds upon this scenario and assumes higher ambition from
non-federal and federal actors on top of the Existing Policies
scenario. Specifically, the All-In scenario incorporates the
climate-smart application of IRA from climate-leading states,
with an all-of-society, accelerated approach to a national
climate strategy. Additional policies to achieve the U.S. 2030
climate goal occur across every sector, and action at the
state, city, and business levels is critical to solidifying our
transition to a clean, healthy, and prosperous future. By
layering ambitious actions on top of the Existing Policies
scenario, this All-In scenario shows a pathway for the United
States to achieve 52% emissions reductions from 2005 levels
by 2030. Finally, the No Climate Action scenario does not
include any current federal or non-federal climate policies and
serves as a baseline to compare the impacts of the two policy
scenarios. 
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To quantify the impact of these mitigation scenarios on
United States air quality, we first downscale the GCAM-USA
projected state-level emissions to a finer spatial resolution
(12 km by 12 km) using the present-day spatial patterns
based on the 2017 National Emissions Inventory (EPA,
National Emissions Inventory 2017 Data). We then use a
reduced-form air quality model, InMAP (Intervention Model
for Air Pollution (Tessum et al., 2017)), to simulate the
impacts of emissions on annual average concentrations of
PM2.5. We then estimate the annual deaths attributable to
PM2.5 at the county level using a well-established
methodology for health impact assessment (Anenberg et al.,
2012). Additional details on the methodology to quantify
health impacts are available in the Technical Appendix. 

In 2015, we estimated that ~68,300 annual premature deaths
were attributable to exposure to ambient particulate matter
(PM2.5), which is in line with other studies (Markandya et al.,
2018; Murray et al., 2020). In 2030, our No Climate Action
scenario—our baseline scenario—projects 3,300 fewer
PM2.5-attributable annual deaths compared to 2015 levels
due to shifts away from fossil fuels, coal, and efficiency
improvements that occur without additional climate policies. 

Figure 1. Health benefits from climate policy. Panel a) shows the annual, nationwide deaths attributable to PM2.5 in 2015 and 2030,
from the No Climate Action scenario. Panel b) shows the cumulative nationwide deaths from 2024 to 2035. The error bars in Panel
a) and b) are based on the 95% confidence interval of the concentration-response relationships used to calculate the premature
deaths (CITATION). Panel c) and d) shows the state-level changes in deaths attributable to PM2.5 in 2030 in the two climate policy
scenarios relative to No Climate Action. These two panels are based on the central estimates for the deaths attributable to PM2.5.
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When climate actions are layered on top of the No Climate
Action scenario, we see substantial air quality and health
benefits. Under the Existing Policies scenario, we project
~3,300 fewer annual national deaths in 2030 relative to No
Climate Action (Figure 1a). Such benefits are spread across
the country, with most states experiencing a 5-10% reduction
in deaths attributable to PM2.5 (Figure 1c). Under the All-In
scenario, we see further reductions of ~2,100 annual national
deaths in 2030, resulting in a total of ~5,400 fewer deaths in
2030 relative to No Climate Action. Most states are expected
to reduce deaths attributable to PM2.5 by 10-15% relative to
No Climate Action. In contrast to Existing Policies, these
additional benefits occur in all 50 U.S. states. 

In terms of cumulative benefits, the Existing Policies scenario
results in ~35,800 fewer cumulative deaths from 2024 to
2035 relative to the No Climate Action scenario, while the All-
In scenario results in ~63,600 fewer cumulative deaths over
the same period (Figure 1b). 

The largest percentage reductions are found in the Northeast
and Midwest regions: West Virginia leads with a 18%
reduction, followed by Maryland and Pennsylvania by 15%
each. The largest absolute reductions are found in states with
large populations. California reduces ~770 air pollution-
related deaths, followed by New York with ~580 fewer deaths
and Pennsylvania with ~450 fewer deaths (Figure 1d)
compared to the No Climate Action scenario.

SUBNATIONAL DISTRIBUTION OF THE CO₂,
AIR QUALITY, AND HEALTH IMPACTS

Under Existing Policies, CO₂ emissions in 2030 decrease by
7-41% across the states, relative to No Climate Action, and
annual average concentrations of ambient PM2.5 will
decrease by up to 10%. The relationship between CO₂
mitigation and PM2.5 reduction varies across states (Figure
2a). For instance, New York and Wisconsin are expected to
lower their CO₂ emissions by roughly 20%. However, PM2.5
concentrations in New York improve by 8%, but Wisconsin  
only improves by 4%. This state-level variation reflects
differences in energy structure across these states. New
York sees a shift from traditional biomass to clean energy,
which significantly impacts ambient PM2.5 concentrations
given the high pollution intensity of biomass. In comparison,
Wisconsin primarily sees reductions in coal power, which has
a lower pollution intensity than biomass, and therefore
realizes lower improvement in PM2.5 concentration. 

The CO₂, air quality, and health impacts are distributed
unevenly across states and counties, and these regional
distributions also differ across scenarios. While the absolute
changes are generally more pronounced in states with larger
economies and populations, the percentage changes show a
different pattern.

With additional climate actions under the All-In scenario, we
see even greater CO₂ emissions reductions potential across
each state. These substantial reductions realize up to 18%
lower annual average concentrations of ambient PM2.5 in
2030, relative to No Climate Action (Figure 2b). States with
particularly large potential to reduce CO₂ and ambient PM2.5
include West Virginia (68% reduction in CO₂ and 18% in
ambient PM2.5), Pennsylvania (37% and 15%), and Maryland
(30% and 15%). This suggests a critical opportunity for
additional air quality benefits if these states strengthen their
actions beyond existing policies. 
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Figure 2. State-level reductions in CO₂ and ambient PM2.5 concentrations in the Existing Policies and All-In scenarios,
relative to No Climate Action, in 2030. The state-level PM2.5 concentrations here are population-weighted values that combine
the simulated PM2.5 concentrations at 12 by 12 km resolution and county-level populations.
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Importantly, the health benefits of achieving U.S. climate
goals are widely shared across every state in the contiguous
U.S. We find significant emissions reductions and health
benefits in both urban and rural areas across the United
States (Figure 3). Under the Existing Policies scenario, 43%
of counties expect deaths attributable to PM2.5 to decrease
by more than 5%, relative to No Climate Action (Figure 3b).
With additional efforts under the All-In scenario, 67% of
counties expect reductions of more than 5%, and 31% of
counties expect reductions of more than 10% (Figure 3c).

While climate actions contribute to the health impact results,
other factors play a role as well. Sociodemographic factors
that determine the population size (e.g., growing population)
and vulnerability (e.g., aging and improvements in general
health conditions) also impact the United State’s ability to
mitigate the health impacts from air pollution (Yang et al.,
2023). In 2015, deaths attributable to PM2.5 were especially
high in urban areas due to the co-occurrence of dense
population and high pollution (Figure 3a). We expect such
geographic patterns to persist because population size
remains a key factor in determining health impacts.

It is also important to note that high-ambition policies are
needed across the entire economy to prevent emissions from
leaking into other sectors. Some states that have increased
ambition in one sector but not others may see increased
PM2.5 emissions under the All-In scenario compared to the
Existing Policies scenario.

The additional benefits of an enhanced all-of-society
approach are particularly large in the Greater Los Angeles
area, the San Francisco Bay Area, and the Seattle
metropolitan area. This is a combined effect of a large
reduction in ambient PM2.5 concentrations led by more
stringent climate policies in California and Washington, as
well as the high population density in these areas. Significant
improvements also occur across the country’s largest coal
producers and consumers—North Dakota, West Virginia, and
Pennsylvania—where coal is assumed to be replaced by a
growing clean energy industry. 
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Figure 3. County-level health impacts. Panel a) deaths attributed to PM2.5 in 2030 in the No Climate Action scenario. Panel b)
and c) Changes in deaths attributed to PM2.5 in the Existing Policies and All-in scenarios compared to No Climate Action. Here the
deaths attributed to PM2.5 are calculated based on the central estimate of the concentration-response relationships (Krewski et al.,
2009).
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UNPACKING THE UNDERLYING DRIVERS FOR
HEALTH CO-BENEFITS TO CLIMATE ACTION
To unpack the underlying drivers that lead to the health
results, we conducted a decomposition analysis to estimate
the impacts of four individual factors on the aggregate
changes in deaths attributable to PM2.5: (a) population
growth, (b) population aging, (c) changes in the general
health condition measured using the baseline mortality rates
that do not consider the effects of changing pollution
exposure, and (d) exposure level to ambient PM2.5 (Figure
4). The first three are socio-demographic factors that affect
the exposed population's size and vulnerability. At the
national level, we find that population growth and aging are
key factors increasing the future deaths attributed to PM2.5.
Holding the other factors constant, the anticipated population
growth and aging from 2015 to 2030 can increase deaths
attributed to PM2.5 by 13% and 26%, respectively. 

In contrast, improving general health conditions and air
quality are key to lowering future deaths attributed to PM2.5.
Holding the other factors constant, improving general health
conditions can reduce deaths attributed to PM2.5 by 20%. In
addition, the decrease in ambient PM2.5 concentration can
reduce deaths attributed to PM2.5 by 23% in the No Climate
Action scenario, 28% in the Existing Policies scenario, and
31% in the All-In scenario (Figure 4). Given the important role
of sociodemographic factors, our finding highlights the
importance of substantially lowering the air pollution level to
near-zero levels to counteract the effects of
sociodemographic trends, such as a growing and aging
population, that may make future populations more
vulnerable to air pollution exposure.

Figure 4. Contribution of population, aging, general health advancements (e.g. improved medicine), and decreases in
ambient PM2.5 (per scenario) to the changes in deaths attributed to PM2.5 from 2015 to 2030. 
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SECTOR-BY-SECTOR IMPACTS ON 
AIR QUALITY
Different sectors are responsible for emitting different types
of air pollutants. For example, the industry sector is a key
contributor to SO₂, NOx, and PM2.5 emissions (Figure 5c –
5h), both at present and in 2030. In comparison, the power
sector is a major SO₂ and NOx contributor at present, but its
importance declines in 2030 due to the transition away from
unabated coal and natural gas. The transportation sector is a
major contributor to NOx emissions from gasoline
combustion, whereas the residential and commercial
buildings sector is a major contributor to particulate
emissions due to the burning of biomass for heating.

Under both Existing Policies and All-In, we observe large
reductions in SO₂, NOx, and PM2.5 emissions, owing to the
shift from fossil fuels to renewable energy in the power
sector, electrification and more efficient processes in the
industrial sector, and more clean energy use in the building
sector (from traditional biomass and fossil fuel to electricity).
We also observe further NOx reductions in the transport
sector in the All-in scenario due to the switch to electric
vehicles. The ambition inherent to the climate-smart
implementation of All-In policies allows for additional
reductions. 

Figure 5. Emissions by sector. Panel a) shows the annual CO₂ emissions in No Climate Action in 2015 and 2030. Panel b) shows
the changes in annual CO₂ emissions in the two policy scenarios relative to No Climate Action in 2030. (Continued on next page).
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Figure 5. Emissions by sector (continued). Panel c) shows the annual SO₂ emissions in No Climate Action in 2015 and 2030.
Panel d) shows the changes in annual SO₂ emissions in the two policy scenarios relative to No Climate Action in 2030. Panel e)
shows the annual NOx emissions in No Climate Action in 2015 and 2030. Panel f) shows the changes in annual NOx emissions in
the two policy scenarios relative to No Climate Action in 2030. Panel g) shows the annual primary PM2.5 emissions in No Climate
Action in 2015 and 2030. Panel h) shows the changes in annual primary PM2.5 emissions in the two policy scenarios relative to No
Climate Action in 2030. Here the “Other” emissions consider land use activities projected by the GCAM-USA model. Here we focus
primarily on energy-related emissions and do not consider fire emissions that will likely become a major pollution source in the
future. 
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POLICY OPPORTUNITIES

Improve industrial sector regulations to clean up
industrial processes. The industrial sector has been and
will continue to be one of the largest contributors to air
pollution and health damage. States and cities can promote
equity and restorative justice for low-income and
disadvantaged communities by requiring manufacturers that
exceed a certain emission threshold to submit a cost analysis
and timeline for process improvements. States can also set
construction targets for using low-carbon materials and, in
turn, increase the demand for materials produced by
factories and businesses that pollute less (Phelps et al.,
2023). Yet, the industrial sector is traditionally harder to
abate. Diverse industrial processes require different emission
abatement strategies. The substantial impacts of industrial
facilities in downwind states also require coordinated efforts
across states.

An all-in approach to climate action can achieve greater
health benefits in the United States, yet air quality disparities
persist. Our analysis demonstrates substantial regional
variations in pollution exposure and associated health
damages across the country. In addition, the unequal burden
of unhealthy air on diverse communities, particularly lower-
income and minority populations, underscores the imperative
for comprehensive climate action and policy implementation
across society (Goforth & Nock, 2022; Picciano et al., 2023).

Due to this unequal burden, targeted policies across all
sectors will be critical (Wang et al., 2023). This analysis
shows that all counties across the United States benefit from
an all-in approach to climate action by 2030. Yet, racial and
ethnic minorities in the United States may still face elevated
exposure, especially from PM2.5 (Goforth & Nock, 2022;
Saha et al., 2022). Industry, construction, light-duty gasoline
vehicles, and heavy-duty diesel vehicles are often among the
largest sources of this disparity, but this can vary widely by
source type and location (Picciano et al., 2023). Because of
a legacy of discriminating housing policy and systemic
inequity (Lane et al., 2022; Liu & Marshall, 2023), exposure
disparities have persisted even with improved air quality
across the United States over the past few years (Tessum et
al., 2021). Targeting locally important sources for mitigation
across all sectors can help counter this persistence. Key
actions in critical sectors include: 

Accelerating the adoption of electric vehicles. Even if
powered partially by fossil fuels, electrification of road
vehicles brings substantial air quality and health benefits,
particularly in reducing PM2.5-attributable mortality. Variable
impacts among metropolitan areas underscore the
importance of tailored incentives for EV deployment, offering
a unique opportunity to enhance public health nationwide
(Choma et al., 2020). IRA’s Clean Vehicle Tax Credit for new,
used, and commercial vehicles—including medium- and
heavy-duty vehicles—is vital to electric vehicle (EV) adoption.
Furthermore, widespread adoption of California’s ambitious
zero-emissions vehicle targets and investments in EV
charging infrastructure can help accelerate commercial fleet
electrification. Under the All-In scenario, these policies help
drive the 2030 EV market share to 48%, 38%, and 100% for
cars, SUVs, freight trucks, and buses. 

Currently, the EPA has the New Source Performance
Standards that regulate the emissions of large point sources
and the Cross-State Air Pollution Rule that regulates inter-
state pollution impacts from power plants. Both policies have
the potential to expand their scope and increase the
stringency to help mitigate the emissions of industrial sources
in the future (US EPA, 2023).

Secure the transition away from coal power to renewable
energy sources. This analysis finds that though the power
sector is currently a key contributor to SO₂ and NOx, the
intensity of these emissions will likely decline by 2030 due to
the transition away from coal power. IRA includes significant
funding for key tax credits in the power sector, including the
Investment Tax Credit (ITC) and Production Tax Credit
(PTC), which can accelerate the development and
deployment of clean energy and storage technologies to
replace coal. Additionally, IRA’s Energy Infrastructure
Reinvestment provision aids the transition away from fossil
fuels, and competitive grants through the Greenhouse Gas
Reduction Fund specifically set aside funds for low-income
and disadvantaged communities to deploy low and zero-
emission technologies. States and local governments can
play a role by actively applying for these funds and ensuring
that they maximize the uptake of the tax credits (Horowitz et
al., 2022); further, they have the jurisdiction to enhance or set
their own renewable energy targets (Peng & Ou, 2022) and
coal exit policies (Henneman et al., 2023) to support affected
communities. 
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