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Air, Climate, and Energy (ACE) Research Program
|. Executive Summary

American communities face serious health and enmental challenges from air
pollution and the growing effects of climate changeath of which are intricately linked with
current and future energy optiomsiproving air quality, reducing greenhouse gas (GHG
emissions, and developing adaptation strategiaddoess climate change are central to the
Agency’s mission to protect public health and theimnment. As EPA moves forward, it is
necessary to more fully understand the interplaywéen air, climate change, and the changing
energy landscape to develop innovative and
sustainable solutions to improving air quality
and addressing climate change.accomplish

ACE Problem Statement. Protecting human

this goal, EPA’s Office of Research and health and the environment from the effects
Development (ORD) is designing a new, of air pollution and climate change, while
integrated research program fair, Climate sustainably meeting the demands of a

. . growing population and economy is critical
and Energy (ACE)that will build upon the to the well-being of the Nation and the world.

highly successful, policy relevant research th As we explore solutions to prevent and
Agency has conducted in the areas of air reduce emissions, we are challenged by
pollution and climate change. uncertainties surrounding the complex

Over the past decades, air quality in te ~ interplay between air quality, a changing
U.S. has improved significantly. During this climate, and a changing energy landscape,
- i and the subsequent human health and
time period ORD research has played a centfal  ¢q|qgical effects attributed to exposure to an
role in demonstrating that exposure to air evolving array of pollutants in the
pollution remains a major health concern, as atmosphere
can lead to damage to the cardiovascular, N _ _

. . . ACE Vision. To provide cutting-edge
respiratory, immune, nervous and reproductiye scientific information and tools to support
systems, as well as, cancer and death. These  gpa's strategic goals to take action on
findings have provided the scientific basis of climate change and improve air quality.
the statutory requirements of the Clean Air A¢t
(CAA) and directly contributed to the Office o
Management and Budget's (OMB) estimates that tinefits of air pollution regulations far
exceed their costs. Despite this progress in impgpair quality, millions of people still live in
counties that do not meet air quality standardofw or more pollutants.

Global GHG emissions continue to rise and have kbewn to lead to a range of major
and potentially adverse effects on the environmaedtpublic welfare. In response to the 2009
Endangerment and Cause or Contribute Findings 6§ ORD has the responsibility to
produce the scientific information needed to resptanthe Agency’s efforts to meet its legal,
statutory, and policy requirements in a changimgate, including informing climate mitigation
and adaptation choices towards sustainable, nesgdmutions.
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The impacts of air quality and climate change a@&vily influenced by the energy
choices of the U.S. and the world. As the demaneérergy increases, along with shifts to clean
energy alternatives, it is necessary to underdtamdhteraction between air quality and climate
change in this changing energy landscape, anddteatal impacts on human and
environmental health.

With active participation from EPA partners anak&tholders, the major problems faced
by EPA decision makers that span air, climate,emetgy were identified. These discussions
brought to the forefront the need for research shaports policy priorities and subsequently
examines:

* The multipollutant nature of air pollution in orderdevelop effective air quality

strategies;

» The impacts of climate change and the interactimt&een adaptation and
mitigation;

* The human health and environmental impacts of atiaed future energy
options;

* The populations most susceptible to poor air quailitd the populations and
ecosystems most vulnerable to climate change;

* The expanding and contracting scales of environaig@nbblems that range from
global to local; and,

* The social, behavioral, and economic factors thifweénce the effectiveness of air
quality and climate policies.

The policy-relevant research needed by EPA partngéirprovide the science to:

» Assess|mpacts— Assess human and ecosystem exposures and effemtsased
with air pollutants and climate change at individueommunity, regional, and
global scalefResearch Theme 1);

* Prevent and Reduce Emissions — Provide data and tools to develop and evaluate
approaches to prevent and reduce emissions oftpolisi to the atmosphere,
particularly environmentally sustainable, cost-effee, and innovative
multipollutant and sector-based approacliBgsearch Theme 2); and,

* Respond to Changesin Climate and Air Quality — Provide human exposure and
environmental modeling, monitoring, metrics anainfation needed by
individuals, communities, and governmental ageniesdapt to the impacts of
climate change and make public health decisionangigg air quality.(Research
Theme 3)

EPA is designing the ACE research program to addtesincreasingly complex
environmental issues we face in thé'2éntury. To effectively address these issues, it i
necessary to move towards more integrated, traziptiiery research, and away from strategies
that focus on a single pollutant and its impaca@ingle human organ or species in an
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ecosystem. This requires interaction and activeudsions with the other ORD research
programs, EPA partners, other federal agencieseatginal stakeholders to facilitate a seamless
research program that clearly identifies crossegtissues that can be integrated within and
across research areas to support the goals ofgbec.

This framework will be used during this procesgvaluate the relevance and alignment
of current and future research activities withia dontext of the ACE research program.
Ultimately these activities will lead to the devefoent of the Research Action Plan (RAP) in
October 2011, which will provide the rationale, eggch, and product delivery timelines for
research activities within the ACE research program



Il. Introduction
a. What is the environmental problem?

I. What are the health and environmental risks?

Ambient air pollution can have significant adveeceasequences on human health and
the environment. Research conducted and suppoyt@RID has demonstrated that exposure to
air pollution can lead to a range of health effeéatéuding, but not limited to, respiratory and
cardiovascular effects and mortality. Great advamceainderstanding the human and
environmental health impacts of air pollution alamth the development of technologies, tools
and models to prevent and reduce air pollution hed¢o greatly improved air quality over the
last 40 years. Even so, millions of people in th8.l$till live in counties that do not meet air
guality standards for one or more pollutants.

Global climate change can have a range of majopatehtially adverse effects on water
resources, agriculture, wildlife, ecosystems, al$ agethe built environment (i.e., energy,
infrastructure, and settlementshdditionally, changes in the climate can leadighker
concentrations of harmful air pollutants, and thespnce of some air pollutants in the
atmosphere can also accelerate climate change.glgitlal emissions of greenhouse gases
(GHGSs) increasing and projected to continue togase unless action is taken to reduce these
emissions, there is compelling evidence that th#iphealth and welfare of current and future
generations are at rigk.

Energy, to produce and transport goods, mdve
people, and support the productive and growing Air pollution defined:
economy of the U.S. is central to the issues of air
guality and climate change. Energy production and o

. ; . . combination of such agents,
use has major impacts on both air quality and ¢ema including any physical, chemical,
with conventional energy options generally biological, radioactive (including
representing a major source of air pollution enoissi source material, special nuclear
including GHGs. As demand for goods and servicegs  material, and byproduct material)
grows in concert with an expanding population, substance or matter which is
current energy technologies will place further emitted into or (.),therWISe enters

the ambient air.
pressure on climate and air quafitin light of these
facts, the President has proposed a goal to prdglic
percent of the electricity in the U.S. from clean
energy sources by 203%\Ithough it remains unclear
what future energy options will emerge, it is evitithat the U.S. and the world face a rapidly
changing energy landscape with associated changegacts on human health and the
environment.

“Any air pollution agent or

- CAA Section 302[g]
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il. Problem Statement

The problems that span the nexus of air, climetd,energy, as well as the major
research needs identified by EPA partners and lstddters, form the basis of the overarching
problem statement which will govern the ACE reskagenda:

Protecting human health and the environment froenettfiects of air pollution and

climate change, while sustainably meeting the delmah a growing population and
economy is critical to the well-being of the Natard the world. As we explore solutions
to prevent and reduce emissions, we are challebgadhcertainties surrounding the
complex interplay between air quality, a changitigmate, and a changing energy
landscape, and the subsequent human health andgcal effects attributed to exposure
to an evolving array of pollutants in the atmosggher

Integrating the research issues inherent in thelgno statement into a seamless research
program that addresses air quality, climate chaaige energy presents a substantial challenge to
any research organization. However, from an EPAaeh perspective, combining air, climate,
and energy enables the development of sustainatdgrated solutions that have synergistic
benefits for public health, the environment, aneléobonomy.

b. Why is EPA investing in this research?

i.  What is the regulatory/statutory and policy contextfor the research?

Under the Clean Air Act (CAA), EPA is requireddet air quality standards to protect
the public health and environmental welfare offaion. For six common air pollutants (i.e.,
PM, G;, SO, NO,, CO, and Pb) that are widely distributed acrossctbuntry, EPA establishes
National Ambient Air Quality Standards (NAAQS). Atiugh regulated individually,
collectively PM and @account for the majority of adverse health effelts to air pollutiorf.In
addition to the NAAQS pollutants, the CAA requieBA to regulate emissions of hazardous air
pollutants (HAPS), or air toxics. These pollutasuts those that are known or suspected to cause
cancer or other serious health or environmentacesf The ACE research program will conduct
research to support EPA’s programs mandated b &% and will foster innovative
approaches to ensure clean air in the contexcbiaging climate and evolving communities
and technologies.

In 2007, the Supreme Court determined that GHGsiamollutants as defined by the
CAA. The Court held that the EPA Administrator mtietrefore determine whether or not
emissions of GHGs from new motor vehicles caussatribute to air pollution which may
reasonably be anticipated to endanger public healtelfare, or whether the science is too
uncertain to make a reasoned decision. In 2008, afonths of reviewing the full weight of
scientific evidence and the thousands of publicro@mts received, the Administrator issued the
Endangerment and Cause or Contribute Findings H®S&under Section 202(a) of the CAA.



This Finding concludes that GHGs endanger publathend welfare, including but not limited
to impacts on air quality, heat events, water reses) ecosystems, sea level rise and coastal
areas, energy, infrastructure, and settlementd 8limnate change impacts may also have
important implications for programs developed unateer statutes such as the Clean Water Act
and Safe Drinking Water Act. To provide the scigmfioundation for EPA’s efforts to meet its
legal, statutory, and policy requirements in a ¢/iag climate, the ACE research program will
inform climate mitigation and adaptation choicesdads sustainable, resilient solutions with
maximum benefits for the Nation’s people and envinents.

The American Clean Energy Leadership Act (ACELAROD9 requires research to
evaluate the impact of energy development and mtamiuon water resources, as well as, the
emissions attributed to alternative transportatimis® This requirement builds upon the
mandates of the Energy Independence and Securit§EASA) of 2007° which requires EPA to
(1) develop and implement the Renewable Fuel Stdrtdesubstantially increase the volume of
renewable fuels (primarily biofuels) into the natib transportation fuel system and (2) produce
a triennial report to Congress summarizing the rmvnental impacts of the production and use
of these greater volumes of biofuels. The ACE peogmust develop the knowledge to enable
EPA'’s responses to the changing energy landscaptharresulting environmental implications.

The issues of air pollution, climate change, anergy are closely connected, and have
been recognized by a variety of scientists inclgdire National Academy of Sciences (NAS)
and the U.S. Global Change Research Program (USEERMese issues cut across a broad
range of human, industrial, and natural systemh st narrowly defined approaches to
reducing air pollutant and GHG emissions may hauatanded consequences, today and into
the future.

ii. How will the research program address the priorities identified in EPA’s
strategic plan?

Since its inception, EPA’s success in protectingliptand environmental health has
relied strongly upon understanding and providirggbientific basis to support policies that
reduce the adverse effects of air pollution. Togmgtecting the air quality of the Nation is still
at the forefront of EPA’s mission, but growing cents over climate change have also become a
top priority. These priorities are reflected in Gbaf EPA’s Strategic Plan, which is “Taking
Action on Climate Change and Improving Air QualifyThis goal recognizes that there are
inherent relationships between air quality anddf@nging climate. Further, the human and
environmental health impacts of both air qualitd @imate change are heavily influenced by
the energy choices of the U.S. and the world. Aessalt, achieving the goal of protecting human
health and the environment by taking action on aterchange and improving air quality is not
possible without also understanding the Nationsheuag energy landscape. It is through the
ACE research program that the Office of Researchlavelopment (ORD) will conduct
research to support the development of sustairsaiblgions that prevent and reduce all forms of
air pollution to protect the public and environnartealth of the U.S.
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c. How is this research program designed?

i. Why is an integrated approach necessary for this mearch program?

The impacts of air quality and climate change aavily influenced by the energy
choices of the U.S. and the world. As the demaneifiergy increases, along with shifts to clean
energy alternatives, it is necessary to underdfamdhteractions between air quality and climate
change in this changing energy landscape, anddtemal impacts on human and
environmental health. Furthermore, the ACE redeprogram must also include research that is
systems based to account for interactions acrasalseconomic, and environmental domains.
Therefore, the ACE research program is designedai@ closely integrate ORD’s research in
the areas of air, climate change, and energy aegtend this research to better incorporate
economic and social factors that may influencecgrdted environmental results. This design
will leverage expertise and capabilities across GRD from partners and stakeholders to
support the development of effective, sustainableies. Figure 1 shows a simplified
illustration of the relationships between air, di®, and energy, identifies the major earth and
human systems impacted by air pollution and clinchnge, and portrays the responses and
social factors that have major influences on theicnships between each area.

Earth Systems

Air S

Ambient Air Quality Temperature - Exiremes

Pollutant Deposition ’ Exposuresto and Effects on: Precipitation - Sea Level

Ecosystems - Watersheds

Human Health and Communities |

avior
: Méptaﬁﬁn Water/Food Supply - Land Use Change

Emissions of Air
Pollutants
(Criteria, GHG, HAPs)

Human Systems

Figure 1. Integration of Air, Climate, and Energy?

2 Adapted from IPCC, 200%F.



ii. How will this program build on /evolve from ORD’s existing research program?
The ACE research program will build upon the sgrémundation of research that has

been established in predecessor ORD research prsgracluding the Clean Air, Global
Change, and Biofuels research programs. Througgetprograms, ORD has developed
significant expertise and capabilities relateddiersce questions that span the source to outcome
paradigm, including source emissions charactednand control, atmospheric chemistry, air
quality modeling, ambient measurements, human expassessment, epidemiology,
toxicology, and human clinical research. The djpeapplications within these areas of
expertise will evolve with the ACE program, but fiedamental scientific capabilities will
remain as key components of the program.

iii. What are some recent ORD research accomplishments this area and what will
research in the realm of air, climate, and energyien to address?

To date, the Clean Air, Global Change, and Biofuetearch programs have supported
and conducted research that has improved the hanghenvironmental health of the U.S. These
research programs individually have directly supguirthe promulgation of the NAAQS; the
development of the Endangerment Finding; and thementation of the Renewable Fuel
Standard. Additionally, each of these programs meduced cutting edge science leading to
significant advances, including a more thorougheustinding of the source to health effect
continuum of PM- the development of complex multipollutant atmosjthenodels such as
Community Multiscale Air Quality (CMAQ), and a dé&al evaluation of the impacts of climate
change through a series of Synthesis and Assessepants:?

Research conducted under the Clean Air comporfeXCk — the longest-running part of
the ACE portfolio — has been a fundamental paERA’s success in improving the Nation’s air
guality. Although the broad scope of the bene&t@ized from these research programs is in part
unquantifiable, the White House Office of Managetreerd Budget (OMB) has estimated that
the NAAQS has accounted for approximately 94-97%sbimated benefits from all EPA
regulations and approximately 60-87% of estimatenkfits across all federal agenciéShese
benefits include reductions in the number of h@ditimissions and emergency department
visits, fewer lost work and school days, and lomaembers of premature deaths. Additional
research has indicated that improvements in ailitgureave led to an increase in life expectancy.
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Figure 2. The changing economic, population, and @ironmental status of the U.S., 197-
2005

These impreements in air quality and public health resultirmm EPA’s Clean Aii
programs are illustrated in Figure 2, which demiatss the substantial reductions in 1,
NOXx, VOC, CO, and Sgxsince 1970, even as the gross domestic product @odPvehicle
miles traveled have nearly doubled. The work of ORD wagumental in providing th
scientific and technical foundation for these acbiaents. Yet the full benefits of EPA
achievements have not been shared by all nor hayebieen guaranteed for the re. Even
with the economic and public and environmental theiahprovements that have occurred ¢
the last 40 years:

* Approximately 127 million Americans lived in couesi that did not meet the i
quality standard for at least one pollutant in 2°

* GHG emissions continue to increase in parallel wapdation growth and ener
consumption, threatening public and environmengalth; an

» The landscape of energy sources and technologesiging, leading to uncertair
as to the impacts of futureergy choices on human and environmental he

With past accomplishments forming the foundationnfi@eting future challenges, the visior
the ACE research program is:

To provide the cuttingdge scientific information and tools needed tqsupEPA’s
strategic goals tdake action on climate change and improve air gy
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The ACE research program will build upon its recofdiighly relevant and exceptionally
valuable science to continue to support the Agendgvelopment of policies that create
enormous benefits for public health, our environtpand the national economy.

iv. Explain rationale for combining programs. How will the new program be better
than what we were able to do before?

EPA research has provided effective solutions ghmriority environmental problems
for the past 40 years. These solutions were netdgsaehieved using 2Dcentury approaches.
For example, assessing risk or developing contooésnissions has usually focused on a single
pollutant and its impact on a single target orgaspcies. However, such single-pollutant,
source-specific, and end-of-pipe approaches aiieelihm their ability to address the increasing
complexity of 21" century environmental challenges with solutiorat #ire effective, efficient,
and sustainable — solutions that meet current negldeut compromising the future. EPA is
transforming its research capability to more fulhderstand these complex interactions and the
implications of policy choices to develop more austble solutions.

To accomplish this shift in philosophy, EPA is sgthening its planning and delivery of
science by implementing an integrated transdiswpli research (ITR) approach. By looking at
problems systematically and holistically insteadnafolation, an ITR approach will take
advantage of synergies that yield benefits beybndd possible from narrowly targeted
approaches that focus on single chemicals, dis@g]ior environmental media. A focus on
developing sustainable solutions means that ORDwaitk with its partners within the Agency
and other stakeholders to plan, develop, and cdanduc
research that accounts for the immediate as well
longer-term impacts to environmental, economic,j;d
social systems. This approach requires that ORD’S
research plans incorporate input from external

“Twenty-first century
environmental problems require
21% century solutions; we cannot

stakeholders such as federal, state and local effectively address such challenges
government agencies, non-governmental with 20" century approaches.”
organizations, industry, and communities affectgd p

. - Paul Anastas, ORD
environmental problems. Assistant Administrat

To that end, ORD is realigning its current 13
research areas into four better integrated research
programs:

* Air, Climate, and Energy (ACE)

» Safe and Sustainable Water Resources (SSWR)
» Sustainable and Healthy Communities (SHC)

* Chemical Safety for Sustainability (CSS)
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The ORD research portfolio will be rounded out g existing programs of Human Health Risk
Assessment (HHRA) and Homeland Security (HS), wintégrate findings from the four new
transdisciplinary programs in response to spetgficsiative or policy mandates.

Figure 3 represents the four realigned ORD resgarograms and how they are
interrelated and fit within larger EPA and stakeleolcontexts. To provide scientific information
and tools that sustainably advance environmentaéption, the four national program areas
must contribute to and reinforce one another, aokyointly with decision makers both inside
and outside EPA. To fully address all of the isdihes fall within the ACE research program,
ORD recognizes that, where appropriate, reseatatecketo air, climate, and energy must be
integrated with other ORD research programs.

ORD Integrated Research Informs, and is Informed By, EPA and Non-EPA Partner and Stakeholder
Assessment and Decision Contexts

EPA Decisions

ORD Assessment (HHRA, Homeland
Security) EPA Program & Regional
Assessment

MNon-EPA Assessment (e.g., States, Localities,
Private Sector, Non-governmental
Organizations)

Non-EPA Decisions

Figure 3. Integrated ORD Research Programs Within PA and Non-EPA Partner and
Stakeholder Contexts

The ACE research program is focused on the EPAifyjid aking Action on Climate
Change and Improving Air QualifyApplying transdisciplinary research within the ACE
research program ensures that the realigned réspargram provides innovative science,
engages end users of its research from problemutation through product application, and
most importantly, yields results that enable EPAd¢ocomplish its goal.
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v. How will this program interact and integrate with other research programs?
a. With ORD/EPA

The physical, biological, and human behaviors ullyteg the environmental impacts
related to air, climate, and energy do not havendisboundaries defined by discipline or
organizational structure. The ACE research progeswell as the other ORD research
programs, must therefore be designed in a manaeallows them to continuously evolve as the
science changes and to conduct work across diseiphd boundary. This will require constant
and effective communication and coordination wittima ACE program, with other ORD
programs, EPA partners, and external collaborators.

An effective ACE research program first requires pinoper integration of research
activities across air, climate, and energy to foms coherent theme. Areas of commonality will
be identified, whether this consists of data nesds]els, and measurements or stressors that
contribute to human and ecosystem responses, tmealthe transition from three previously
separate to one research program. The ACE respaogham will effectively integrate with the
other ORD research programs (e.g., SSWR, SHC, &8) @ ensure that EPA’s science is able
to support the development of sustainable solutiorevironmental problems. Active
communication within ORD will facilitate cross-pn@gn involvement in research planning and
allow for the identification of opportunities tovierage research activities. Examples include:

* Chemical Safety for Sustainability (CSS)
0 Exposure to HAPs can be reduced by the developofaftemicals and
other products that eliminate or reduce the uge€ substances (e.g.,
feedstocks, solvents);
* Human Health Risk Assessment (HHRA)
0 Research results to inform the development of hatiegl Science
Assessments (ISA) for criteria air pollutants.
e Sustainable and Healthy Communities (SHC)
o Exposure to air pollutants from roadways can beced/prevented by the
design of communities and the placement of roadynayd
» Safe and Sustainable Water Resources (SSWR)
o The impacts of climate change can affect waterlabiity and quality,
the potential for exposure to different pathogemsl the composition and
health of ecosystems.

b. With other Federal agencies

ACE will need to integrate with relevant federakagies to develop coordinated,
government-wide responses to air, climate, andggniesues to take full advantage of the
expertise and research that is being done acredsdleral government can be applied to address
these complex problems. For example, the ACE progvdl build upon and leverage existing
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relationships with NOAA, CDC, NIEHS, NASA, and D@&ad we will work to extend
relationships with other Federal agencies. Thedination with other Federal agencies will
include interactions with individual Agencies, aslMas, multi-Agency interactions through the
Air Quality Research Subcommittee (AQRS) and theb@l Change Research Subcommittee
(GCRS) of the National Science and Technology Ci¥aricommittee on the Environment,
Natural Resources, and Sustainability (CENRS)addition, the ACE research team must
continue its interactions with the global researxchnmunity to stay abreast of the state of the
science and to identify the most promising resihiéé can aid in achieving the program’s goals.
All of these integration activities require on-ggimput from EPA partners and stakeholders to
clearly identify areas in which integration wittand across research areas can be achieved to
supporting the goals of the Agency.

Vi. Briefly describe partner and stakeholder involvemehin the Problem
Formulation process.

To adequately address the current and future prabthat encompass the nexus of air,
climate, and energy requires input from those whbuse the research products produced by the
ACE program. Ongoing interactions with internal Epdtners (i.e., program and regional
offices) and external stakeholders have been driacthe identification and development of the
major problems faced by EPA decision makers tham s, climate, and energy. These
discussions brought to the forefront the needdsearch that supports policy priorities and
subsequently examines:

» the multipollutant nature of air pollution, to cteanore sustainable air quality
management strategies that simultaneously imprmaality and reduce GHG
emissions;

» the impacts of climate change and the interactmt&een adaptation and mitigation
to support the development of future climate chgmgjeeies , as well as, guidance on
the actions that are most critical to take in tharrterm;

* the human health and environmental impacts of atiaed future energy
alternatives;

* the expanding and contracting scales of environah@nbblems that range from
global to local; and

» the social, behavioral, and economic factors thiguence the effectiveness of air
guality and climate policies.

These research needs form the underlying basieatsearch agenda of the ACE

program, and are consistent with national priasearch needs identified by preeminent
science advisory groups:
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The NAS’s National Research Council (NRC) recomneehithat EPA adopt a broader
multipollutant research perspective, which washertsupported by the EPA’s Board of
Scientific Counselors (BOSC)*®

The NRC called on the Federal government to protstite-of-the-art information on
climate change, its impacts, and response optiohs”;

The Biomass Research and Development Board (BRB8)dentified a growing need
for “systematic evaluation of the impact of expashtefuel production on the
environment (including forest land) and on the fea@ply for humans and animals,
including the improvement and development of tdotdife cycle analysis of current and
potential biofuels”*® and

The National Science and Technology Council (NS3i@committee Social, Behavioral
and Economic Sciences of the National Science aatifology Council stressed the
importance and need for understanding the soahlavwioral, and economic factors that
influence the relationship between energy, therenwient, and human dynamiCs.

[1l. ACE Research Themes

The organization of the ACE research program igtagpon gathering the key research needs
into major themes that balance integration acressarch topics with the need to apply a critical
mass of expertise and capability. ORD’s extensive

capabilities in health and ecological research,

exposure, and atmospheric sciences, measurement

control technologies, and systems analysis formre ¢

for developing major research efforts that addtless

key science problems identified by EPA partners anc | N iy

external stakeholders. This structure describesthew A y

ACE research program is designed to provide rekea ]
results that meet EPA needs, fill gaps within the -
broader efforts across the Federal governmentfiand ;

into the work of the scientific community. The tare
ACE program themes described below flow from the

problems identified in the previous section and wil

Figure 4. ACE Research Themes

provide the science to:

» AssessImpacts— Assess human and ecosystem exposures and affeotsated
with air pollutants and climate change at individueommunity, regional, and
global scalefResearch Theme 1);

* Prevent and Reduce Emissions— Provide data and tools to develop and evaluate
approaches to prevent and reduce emissions oftpolisi to the atmosphere,
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particularly environmentally sustainable, cost-effee, and innovative
multipollutant and sector-based approacliBgsearch Theme 2); and,

* Respond to Changesin Climate and Air Quality — Provide human exposure and
environmental modeling, monitoring, metrics anainfation needed by
individuals, communities, and governmental agenitesdapt to the impacts of
climate change and make public health decisionangigg air quality.(Research
Theme 3)

These research themes are intentionally designet ihe specific to air, climate, or
energy individually; rather, they are designedualg research that considers the air- or climate-
specific efforts in the context of the interacti@mong the domains of air, climate, and energy.
In addition, as depicted in Figure 4, researchiwithe ACE program may cut across multiple
themes. Research conducted at the intersectidhg tiemes will present the greatest
opportunities for transdisciplinary research.

The following narratives for each Research Thenowide a brief overview of and key
research drivers for the theme. Each research tieentains broad science questions that are
intended to enable staff to apply their expertis@ imnovation in shaping specific research
projects.

Research Theme 1. Assess Impacts:
Assess human and ecosystem exposures and effecsoaisited with air pollutants and
climate change at individual, community, regionaland global scales.

The human and ecosystem effects of air pollutiah@dimate change occur at multiple
scales and result from exposures to a mixture iifamts in the atmosphere. Exposure and
effects are also impacted by complex interactia@ts/ben climate change and air quality. Social
behavior also impacts level of exposure and theltieg effects. Furthermore, the amount and
composition of emissions from sources of air palhis are impacted by economics and energy
choices. In addition, susceptibility (i.e., indlual- and population-level characteristics, as well
as exposure differences, that lead to increaskafiair pollutant-related effects, both human
health and ecosystem) must also be factored iesetbomplex interactions to inform the
decision making proce8New and existing methods and models need to beykpin
transdisciplinary studies to assess all of thesepbex interactions and factors that ultimately
impact public health and the environment.

® This definition of susceptibility is derived fronPR'’s Integrated Science Assessments for the aitri
pollutants, specifically particulate matter [EPAQ@).Integrated Science Assessment for Particulate atte
(Report No. EPA/600/R-08/139F). Research TrianglkPNC.] , and is further discussed in Sacks IBné&k LW,
Luben TJ, etal. (2011particulate Matter Induced Health Effects: Who's8eptible?Environ Health Perspect
119:446-454.
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Science Questions:

What are the multipollutant exposures and effent$iategrated impacts of climate change
on air and water quality and human and ecosysteatth Transdisciplinary source to
outcome research will be conducted to assess raliltipnt exposure and health effects in
field and laboratory settings, such as researcte@lto near road environments, which
include complex mixtures of particles, criteriag@®sand organic compounds. Models and
methods will be enhanced and applied to assessrhanthenvironmental impacts of air
pollution and climate change at individual, comntyniegional, national, and international
scales. In addition, models from multiple discipbnwill be linked to conduct integrated
analyses of the impacts of pollutants in the atrhesp For example, one approach might
include using currently available models (e.g.,@memmunity Multiscale Air Quality
(CMAQ) model) and potentially new models to linloeomic, air quality, water quality,
land use, human and ecosystem exposures to momigidy assess the broad impacts of
pollutants from alternative energy scenarios. Theae the principles of sustainable
approaches, these integrated assessments woulderahalyses of both expected and
potential unintended impacts of these options g #ne integrated into use, such as indoor
exposures of individuals in tighter, more enerdicefnt homes and buildings. In essence,
the overarching concept is one of systems intemastand intelligent assessment of the
positive and negative impacts of human activities.

What innovative approaches are needed to enhamcasbessment of human and
environmental exposures and effects of pollutantee atmosphereCurrently available
information and indicators will be examined ang@&xded to include additional components
(e.g., multipollutant/multistressor indices to ingorate climate impacts) to develop new
indices that would support the development of nelicigs by EPA partners, measure
progress toward environmental goals, and provit@nmation for communities.

Additionally, currently available technologies wdlle examined to develop innovative
approaches, such as inexpensive personal monitdtsrbo mobile communication devices,
to estimate personal exposures quickly and inexpelysand subsequently the impacts of air
pollution.

What are the characteristics of populations andsgstems that are susceptible to effects
from exposure to air pollutants and climate chamgpacts?Integrated approaches will be
developed to assess the physical, biological, gsemic factors that result in increased
susceptibility to air pollutant-related effects.igwill include the identification of biological
mechanisms that impact susceptibility, key expofartrs, and the examination of the
interaction between social and economic factorsteatvior to more thoroughly understand
how they may inform research outcomes and impaategfies to protect public health.
Recent scientific findings suggest the possibiityven greater numbers of people
susceptible to air pollution effects such as theile diabetes or certain genetic
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polymorphisms. Research is also needed to idethighfactors that result in ecosystems
being highly susceptible to changes in climateoarlimate-driven changes (e.g., changes in
seasonal temperature and precipitation patteris) pfesence of other stressors such as
water and air pollution, and changes in surrounthng use can be exacerbated by, and lead
to greater susceptibility to damage from climatarade.

* What are the key uncertainties and data gaps teatlirio be addressed to inform review of
National Ambient Air Quality Standards (NAAQS)Re Clean Air Act requires a review the
NAAQS for each criteria pollutant every five yearfie NAAQS review process identifies
key uncertainties and knowledge gaps that will lgeiigle ACE priorities on human and
ecosystem effects research to inform future deassiBesearch of human and ecosystem
exposure and effects will be conducted to infortarfel NAAQS reviews.

Research Theme 2Prevent and Reduce Emissions:

Provide data and tools to develop and evaluate appaches to prevent and reduce emissions
of pollutants to the atmosphere, particularly sustanable, cost-effective, and innovative
multipollutant and sector-based approaches.

When making environmental decisions, policy makeeschallenged by the complex
environmental, economic, and social interactiongasious options. As air quality continues to
improve, more cost effective and innovative measare needed to prevent and reduce
emissions to implement the standards and reguiattmat lead to improvements in air quality. It
is clear that approaches to reducing GHG emissigihsreate even greater complexity and
challenges. As a result, there is a growing redemgnof the need for multipollutant and
sustainable strategies that prevent air pollutioalldypes without unintended environmental
consequences to land or water. Policy makers giemrxg technical and policy approaches that
address multiple pollutants simultaneously as terrative to the one pollutant at-a-time
approach. In addition, policy makers also needideustand how international emissions of air
pollutants impact the effectiveness of domestidremmental policies and how domestic
emissions impact other countries. Research isresded to evaluate and assess actions to
reduce or eliminate the gases and other compotadlsdntribute to climate change. With
national policies promoting innovation and adopidmtiean energy technologies, EPA research
plays an important role in analyzing the full lifgele impacts of technology options to ensure
that the clean energy choices of the future areadddetter for the environment as a whole.
Finally, environmental policies are only as effeetas the actual emission reductions achieved.
Innovative approaches to measure source and angméuatant concentrations provide
opportunities to improve implementation and enforeat of environmental policies.

Science Questions:
* What tools are needed to support the management pbllution problems at the different
scales of time and space associated with diffgeltitants and effectsivlethods and
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models will be developed and evaluated to suppattifecale management (e.g., community
to national to global) of pollutants in the atmosph These tools will be used to understand
synergies and tradeoffs associated with variougation and prevention options, including
air-water-climate interactions. Research activitied aim to address this science question
will also provide the support for the evaluatiomefar- and long-term benefits and impacts
of management strategies.

What methods need to be developed and data obteor@onduct life-cycle analyses of
alternative pollution reduction and energy optigdnsnform EPA and other local, regional,
national, and international decisions regarding thest sustainable and cost effective uses
of resourcesMethods, models, and data will be developed thihewable the assessment of
life-cycle impacts of energy systems (traditionad @lternative) on air pollution and climate
change, including costs, performance, and the tsff@t human health, water quality, and
ecosystems. Additional life-cycle analyses willesssthe impacts of anticipated and
alternative strategies for achieving national epengd environmental goals, such as biofuels
for transportation, including evaluation of potahalternative strategies that may improve
the sustainable use of limited resources.

What innovative monitoring technologies are neeeslipport the implementation of
management strategies to prevent and reduce aluomh? Innovative technologies for
monitoring multiple pollutants at sources and ia #mbient air will be developed, evaluated,
and adapted for a range of needs including communfibrmation, compliance and
enforcement, regional and national assessmentaiagdality planning. In particular,
technologies that provide real-time, continuousseand ambient data with portable

designs will improve implementation and enable, faccurate and responsive assessments of
reported violations of air pollution emissions. Aizal and data management tools will also
be developed, which will enable the effectivendsairopollution reduction strategies to be
evaluated at the local, regional, and nationallwa an on-going basis.

What are the most efficient integrated, sustaingholéution reduction and prevention
solutions?The performance and cost of technologies will beweated to enable
comprehensive management of sources that co-eitetti@pollutants, GHGs and other
climate-forcing gases and aerosols, and toxic@lufants in ways that address not only air
pollution problems, but also consider implicati@mswater quality and quantity and disposal
of any wastes generated by the air pollution cdstrddditionally, methods, data, and
models will be developed to enable the developrmatatmospheric pollutant management
strategies that account for the behaviors of mstibs and individuals in response to those
strategies.
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* What methods and tools need to be developed tmduppplementation of National Ambient
Air Quality Standards (NAAQSFource and ambient monitoring methods and aintgual
modeling tools will be developed and evaluated éznhthe needs of EPA and state/local
agencies in implementing NAAQS.

Research Theme 3Respond to Changes in Climate and Air Quality:

Provide human exposure and environmental modelingnonitoring, metrics and
information needed by individuals, communities, andyovernmental agencies to adapt to
the impacts of climate change and make public he&ltdecisions regarding air quality.

The impacts of climate change have the potentiahttermine environmental progress
and policies, including successful efforts to immrair and water quality, reduce exposures, and
improve public and ecosystem health. Although ratilgg GHG emissions to minimize future
climate changes is crucial, it is also necessadetelop the information to minimize and adapt
to the adverse impacts caused by unavoidable chamglee climate. In addition, tools and
information are needed to allow for the developnwrommunity- and individual-level
strategies to reduce exposures to air pollutions Ftludes providing the necessary data to
guide informed decision making, but also a thorougterstanding of the public perceptions,
behavioral responses, and social and economicré&ittat influence the decision making
process. Therefore, developing information andstéolallow communities and individuals to
adapt to the impacts of climate change and makerréd decisions regarding air quality is
critical. In addition, the identification of poptiens and ecosystems most vulnerable to (i.e.,
least able to cope with) the adverse effects ofiaie change will allow for more targeted
adaptation approach€&PA has an important role to play in providingoimhation that will help
a wide range of stakeholders implement adaptatrategies both structurally and through
policy decisions.

Science Questions:

* What are the most effective alternative adaptasiwategies, focusing on the most vulnerable
individuals, communities, and ecosystefsficy makers need to understand what
populations and ecosystems face the greatestingksler to most effectively target
available resources. Research efforts will devetgphods and tools to improve
understanding of the location, extent, and typeuifierabilities faced by populations,
ecosystems, and the built environment. This in&dram, in combination with an
understanding of the potential impacts of adaptadictions, can help inform decisions that
are flexible and appropriate. Research will alseettep approaches to support adaptation risk
management to enable decision makers to identibyifyr adaptation actions and anticipate

° The National Research Council has defined vulrilifyahs, “The degree to which a system is sustdgtio, or
unable to cope with, adverse effects of climatengeaincluding climate variability and extremes Iharability is a
function of the character, magnitude, and ratdiofate variation to which a system is exposedsétssitivity, and
its adaptive capacity.” [National Research Cou(®0110).Advancing the Science of Climate Chang&ashington,
DC, National Academies Press.]
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other related, perhaps less obvious co- or dislisn#fis recognized that approaches taken
to adapt to climate change can have environmenthpablic health consequences that may
not be specifically addressed within this scienaestjon. For example, the construction of
protective barriers against flooding and sea leigel may damage shoreline ecosystems.
Also, in a warming climate individuals may spendrentime indoors in air conditioned
environments, increasing the demand for electreitgt leading to greater emissions on days
that tend to have the greatest potential for higtugd-level ozone concentrations and at
times when water availability for power generatinay be at its lowest. Methods and models
will be developed and applied to understandingdhges of interactions and responses in
order to develop sustainable adaptation strategies.

What innovative methods are needed to inform iddad and community- level adaptation
to climate chance and decision making regardingoaiality? Information and

communication technologies are rapidly evolvingwiew and enhanced tools being
continually introduced to the market place. Thesdsthave great potential to support
adaptation strategies. EPA already utilizes compaiian technology (e.g., Enviroflash and
the UV Index App) to provide individuals with infoation to allow them to adapt or make
informed public health decisions in response toentrenvironmental conditions. The
effectiveness of these types of tools on behavi@sgionses and subsequently human health
impacts of air pollution and climate change willdssessed. Geographic information
systems (GIS) can provide easily understood vigattins of the scope and type of impacts
and the potential for adaptation strategies od#heslopment of data, such as information on
urban planning, to allow for informed decision nrakio limit adverse impacts attributed to
climate change and reduce exposures to air pallutespectively. As technology continues
to evolve, other innovative approaches for adamatiill be developed and evaluated.

What are the social, behavioral, and economic fiesctbat may hinder the ability of
communities and individuals to implement adaptastvategies for climate change and

make informed decisions regarding air quali§@mmunity- and individual-level responses
to prevent and reduce climate change impacts apasexes to air pollution are influenced

by social, behavioral, economic, and other systiratsexhibit nondeterministic behaviors
that are not easily modeled or predicted. Thessamurences can have impacts that cascade
well beyond the immediate actions of policies apdraaches, often in unexpected ways. For
instance, climate change can impact energy systgraffecting crop yields, which
subsequently could impact the production of therattive fuels intended to address climate
change in the first place. There is a need to dgvapproaches that integrate across complex
systems and explicitly incorporate methods to des@omplex system behavior.
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IV. ACE Research Projects, Outputs, and Outcomes

This framework for ORD’s ACE research program pded the rationale for developing
this new research program and broadly defines magmarch issues related to air pollution,
climate change, and the environmental impacts efggnoptions. This document has been
informed by the policy-relevant science needs oApBRrtners and stakeholders and will guide
the development of a Research Action Plan (RAP)chvvill define in more detail the research
that ORD will conduct over the next five yearshe tACE research program. The ACE RAP will
include the research projects and associated aufimat outcomes of the research program.

This framework provided the foundation for the itiécation of specific outputs by the
ACE partners. To facilitate discussions among GRigntists, the identified partner outputs
were categorized into the following research t@&as: Energy, Climate Mitigation/Adaptation,
Climate-Air Quality Interactions, Emissions/Measuents, Modeling/Decision Support Tools,
Multipollutant, NAAQS, and Sustainable Solutiomsppendix A of this framework contains
tables for each ACE theme that contain the partiesttified outputs and the associated science
guestions. In addition, these tables also includeig@ated outcomes from the delivery of the
outputs and the associated research topic(s) &r @atput. This framework and the tables in
appendix A will be used to develop the projects Wil form the ACE RAP.
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Appendix A

ACE Outputs and Outcomes by Theme and Science iQunéste attached)
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Appendix A - ACE Theme 1: Assess Impacts

Science Question

Topic Area

Output

Outcome

Areas of Integration

(within ACE and across ORD)

What are the multipollutant exposures and effects and integrated
impacts of climate change on air and water quality and human and
ecosystem health?

Climate Adaptation and
Mitigation and Climate
Air Quality Interactions

Characterize and communicate the
environmental and public health impacts of
climate change and benefits of avoided
climate change impacts and GHG
reductions strategies

Climate Adaptation and
Mitigation

Characterize impacts across media from
adaptation approaches, such as measures
to ensure adequate water supply and the
cross-media effects on energy demands
and air pollutant emissions

Climate Air Quality
Interactions

Characterize relationships between air
quality, climate, and adverse health effects

Future Agency decisions and products that
directly or indirectly related to climate-change
incorporate knowledge of multimedia impacts

and the associated effects on humans and

ecosystems.

Theme 2, SSW, SHC

Theme 3, SSW, SHC

Multipollutant

Increased understanding of the linkages
between sources of air pollution (outdoors
and indoors), ambient concentrations,
exposures, and effects, particularly for
susceptible populations.

Multipollutant

“True” multipollutant effects/impacts
(single pollutants acting in combination).

Multipollutant

Improved understanding of multipollutant
exposure (especially to highly exposed
subgroups, e.g. near roads and facilities).

Multipollutant

Source composition effects and impacts
(source to outcome, urban/rural).

Energy

Health and environmental impacts of the
evolving mobile source/transport sector

The Agency has new methods and approaches to
examine, integrate, and assess multipollutant
effects in toxicologic, epidemiologic, and
controlled human exposure studies to provide
more realistic estimates of air pollution impacts
on public health.

Susceptibility, HHRA

HHRA

Susceptibility, HHRA

HHRA

HHRA

What innovative approaches are needed to enhance the assessment
of human and environmental exposures and effects of pollutants in
the atmosphere?

Climate Adaptation and

Methods and data to assess climate change
impacts at different spatial (global, regional

Data is available for the Agency to adequately
assess climate impacts and inform future climate

Theme 3, SHC

Mitigation
& and local) and temporal scales. decisions.
. L Development of more cost-efficient approaches
Emissions/ Monitoring methods to support NAAQS . .
to monitor criteria air pollutants for health and
Measurements Development

ecosystem studies to support future NAAQS.

Modeling-Decision

Improve the interoperability/linkages of

Theme 2, SSW, SHC

Support Tools multimedia/multistressor models.

Modeling-Decisi National scal hensive One- The Agency has an integrated modeling system
odeling-Decision a !ona scale comp_re ensive One gency : int g _ g y! Theme 2, SSW, SHC
Support Tools Environment modeling system to assess multimedia interactions and impacts.

Modeling-Decision Tools to evaluate exceptional events,
Support Tools especially fires

What are the characteristics of populations and ecosystems that are . Future NAAQS reviews incorporate enhanced
R K . Exposures/Effects on Susceptible i X
susceptible to effects from exposure to air pollutants and climate NAAQS information on exposure and effects on HHRA

change impacts?

Populations

susceptible populations.




Appendix A - ACE Theme 1: Assess Impacts

Areas of Integration

Science Question Topic Area Output Outcome (within ACE and across ORD)
Disentangling single pollutant
NAAQS effects/impacts from multipollutant Multipollutant, HHRA
Exposures.d ogicali s of Multidiscipline exposure and health data are
NAAQS !.Jman andeco og|ca fmpacts o continually updated in a manner amenable to HHRA
Nitrogen/Ammonia. ) ) .
o - - ready review and incorporation into more
What are the key uncertainties and data gaps that need to be Identify the exposure uncertainty ) L
. X i i X R i R i . refined exposure-health assessment activities
addressed to inform review of National Ambient Air Quality Standards NAAQS associated with the NAAQS as it applies to R - . . . HHRA
o which clarifiy uncertainties associated with
(NAAQS)? true" human exposures.
oM " A relationshin t human and ecosystem exposures and
_c_omp05| |or? and refationship c? subsequent effects attributed to criteria air
NAAQS toxicity across size spectrum (ultrafine to HHRA
pollutants.
coarse).
NAAQS Deposition modeling to understand HHRA

impacts of PM.




Appendix A - ACE Theme 2: Prevent and Reduce Emissions

Science Question

Topic Area

Output

Outcome

Areas of Integration

(within ACE and across ORD)

What tools are needed to support the management of air pollution
problems at the different scales of time and space associated with
different pollutants and effects?

Climate Adaptation

and Mitigation and

Climate Air Quality
Interactions

Analyze net impacts (climate and air
quality) of potential policy decisions
including those to control both climate-
forcing pollutants and traditional air
pollutants

Climate Air Quality

Characterize the impacts of short-lived
climate forcers (e.g., black carbon) to

Agency decisions related to air quality
management and climate-change
effectively incorporate an understanding of
air quality-climate trade-offs and synergies
and produce air quality and climate-change

Theme 1, SHC

: X . A ) X co-benefits where possible. Theme 1
Interactions inform effective air quality and climate
policies
. Address important gaps in emissions
Emissions/ . . P ‘g P
inventories for major sectors (e.g., Theme 1
Measurements '
transportation)
Emissions/ Emissions projection methods and models
(economic, technology, and spatial Improvement and expansion of emissions Theme 1
Measurements L . . . .
projections). inventories to support future air quality
. Systematic process for identifyin olicies.
Emissions/ Zioritizin pand fillin emissio»; if\’/entor i Theme 1
Measurements P & J v
gaps.
Continued development of emissions
Energy ) . . Theme 1
profiles for biofuels/biomass
Develop or improve existing models to
Energy assess GHG and criteria air pollutant Theme 1

benefits of State Energy Programs.

Multipollutant

Tools to assess multipollutant impacts of
energy sources and technologies (existing
and emerging).

Agency has models and tools to compare
and predict the impacts of energy
alternatives and effeciency programs.

Theme 1, SSW, SHC

Climate Adaptation
and Mitigation

Strengthen the evaluation of climate
impacts of ozone-depleting substitutes to
support the development of effective
policies for both climate change and ozone
depletion

Agency decisions relating to climate-change
and/or ozone depletion incorporate an
understanding of trade-offs and synergies.

Theme 1

Lifecycle/systems analyses of multimedia

Energy impacts of energy and mineral extraction Theme 1, SSW, SHC
) AN The Agency has tools and analyses to
What methods need to be developed and data obtained to conduct and injection processes . . .
R . . A identify the full cost of alternative energy
life-cycle analyses of alternative pollution reduction and energy X . . . -
R . ) R options, including the systematic evalutaion
options to inform EPA and other local, regional, national, and . . . ; . R
. . . . . Life cycle environmental and health impacts | of multimedia impacts and potential trade-
international decisions regarding the most sustainable and cost Energy . . . . . Theme 1, SSW, SHC
. from increased use of biomass/biofuels. offs between environmental, social, and
effective uses of resources? . -
economic objectives.
Peer reviewed assessments of multi-media
Energy . . . Theme 1, SSW, SHC
impacts of emerging technologies.
Emissions/ Ambient monitoring methods for key Theme 1
Measurements pollutants (e.g., ammonia, acrolein)

Naowr mathade ara incarnaratad intn




Appendix A - ACE Theme 2: Prevent and Reduce Emissions

Areas of Integration

Science Question Topic Area Output Outcome (within ACE and across ORD)
. . . . Remote Sensing for ambient, fugitive, and ST TR TS EeTeerTes e
What innovative technologies are needed to support the Emissions/ ) e . » 1Ug ! monitoring networks and compliance
. A . fence line (solar occulation, DIAL, L L . Theme 1
implementation of management strategies to prevent and reduce Measurements . ) R monitoring activities to enhance available
. . differential absorption LIDAR). . X -
air pollution? information and / or to reduce monitoring
Modeling-Decision . . . costs.
Improved air quality modeling tools Theme 1

Support Tools

What are the most efficient integrated, sustainable pollution
reduction and prevention solutions?

Development of tools for state and local
governments to deal with a changing

Ener Theme 3, SSW, SHC
8y climate and energy options and their ! !
impacts on air and water quality.
Identify clean energy technologies and
Energy changes to traditional energy production Theme 3
technologies that may affect adaptation. Development of tools and methods to
evaluate current and future energy options
Energy Evaluation of emerging technologies to to support Agency actions that minimize SSW
meet water regulations using less energy. energy-related impacts on air and water
quality .
Tools and data to assess and characterize
. the effectiveness and costs and benefits of
Energy and Climate ) . "
. emerging technologies that mitigate
Adaptation and A . Theme 1
. climate change impacts (e.g., energy
Mitigation -
efficiency measures, carbon capture and
sequestration [CCS] technologies)
The benefits of sustainable materials
. . Evaluation of Sustainable Materials .
Sustainable Solutions management practices are clearly SHC, SSW

Management Practices

understood and communicated.

Multipollutant

Develop/evaluate emerging control
techniques, particularly those with cross-
pollutant control effects (e.g., criteria
pollutants, hazardous air pollutants, and
greenhouse gases).

Multipollutant

Innovative and cost effective multipollutant
measures and approaches.

Development of cost-effective approaches
to prevent and reduce multipollutant
exposures to support future air quality
management strategies.

What methods and tools need to be developed to support
implementation of National Ambient Air Quality Standards
(NAAQS)?

Emissions/
Measurements

Monitoring methods to support NAAQS
Implementation

NAAQS compliance monitoring networks
use state of the science measurement
methods.

Innovative Technologies




Appendix A - ACE Theme 3: Respond to Changes

Areas of Integration
Science Question Topic Area Output Outcome (within ACE and across ORD)

Approaches to characterize and manage
uncertainty, variability, knowledge gaps, and
Climate Adaptation and |societal responses to or associated with
Mitigation technologies and approaches that address
mitigation of emissions associated with Development of tools and approaches to
climatic changes (including biofuels and CCS) | examine the social responses associated with
technologies to mitigate or adapt to climate

Theme 2, SHC

What are the most effective alternative adaptation strategies, focusing

on the most vulnerable individuals, communities, and ecosystems? N .
change to better inform future climate

Tools to identify and evaluate .
decisions.

options/technologies to mitigate and adapt to
Climate Adaptation and |climate change, including their environmental

Mitigation and socioeconomic interactions and impacts
(to avoid unintended consequences and to
design better policy options)

Theme 1, Theme 2, SHC

Indicators:
o New indicators that may be more directly
linked to health and welfare effects of PM.
o Standardized measures/metrics of climate
. . impacts Individuals and communities have tools and
. . . A Sustainable Solutions i X . .
What innovative methods are needed to inform individual- and o Measures and metrics to measure the data available to make timely and informed
community- level adaptation to climate chance and decision making effectiveness of adaptation policies decisions to adapt to climate change and to
regarding air quality? o Expansion of the AQI to include other reduce exposure to air pollution and to track
pollutants besides 03 and PM progress toward .

Theme 1, SHC

Development of methods, metrics and tools

Climate Adaptati d
imate Adaptation an to measure the impacts and effectiveness of Theme 1, SHC

Mitigation . .
adaptation policies
Behavioral/Social aspects to support
Sustainable Solutions |implementation/adoption of sustainable SHC
solutions.
What are the social, behavioral, and economic factors that may hinder i L
. . S ) ) . ’ L The Agency is more effective in
the ability of communities and individuals to implement adaptation . . Evaluation, Education, and Communication of - . .
. . . . . Sustainable Solutions ) . communicating and implementing programs SHC
strategies for climate change and make informed decisions regarding Sustainable Technologies

to promote sustainable solutions.

air quality?
Understanding decision making processes
and behavioral/cultural changes and SHC
responses to adaptation policy initiatives

Climate Adaptation and
Mitigation
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