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Executive Summary

INSERT TEXT HERE

Introduction

In partnership with otherfederal agencies as part of the US Global Change Research Program,
EPA plays a critical role in developingthe nation’s response to the far-reaching and complex
challenges posed by global climate change. Assessing climate change impacts and understanding
how to mitigate impacts of climate change through actionable science isakeyrole forthe EPA in
the area of global climate change research. As the science arm of the only federal agency with
responsibilities to safeguard all aspects of the environment—air, water, natural ecosystems, and
land—as well as to protect human health— EPA’s Office of Research and Development (ORD)is
tasked with informingthe Agency aboutthe impacts of climate change on air quality, water
guality, and human and ecosystem health. While the formal climate research program, as
reflectedin EPA’s appropriations, is relatively small, work in the National Research Programs
touchesonthe role of climate to better understand, prepare for, and mitigate the complex
impacts of climate change. Assuch ORD has designed a highly transdisciplinary, collaborative,
and solution-oriented research program to deliverthe information, data, models, and decision-
supporttoolsthe Agency andits partners across the nation need to take action.

Climate Change, along with Environmental Justice, Nitrogen and Co-pollutants, and Children’s
Environmental Health, is one of fourtopics that cut across the six National Research Programs.
ORD identified these cross-cutting topics as needing in-depth, formal roadmaps to enhance
cross-program coordination and integration. This “Climate Change Research Roadmap”
presents an overview of recent, ongoing, and planned science related to climate change across
the six National Research Programs of ORD, and notes research gaps to informthe evolution of
ORD’s StrategicResearch Action Plans (StRAPs). The roadmap highlights the unique role that
EPA plays within the overallfederal climate change research portfolio and illustrates how EPA’s
climate change research leverages national research expertise to advance the understanding of
the impacts of climate change and approachesto address those impacts through preparation,
adaptation, and mitigation. EPA’s climate change researchisanintegral and visionary part of
the Agency’s overall efforts to protect air, water, and publichealth, and increase homeland
security and community resiliency.

Background

“Addressing Climate Change and Improving Air Quality” is one of five strategicgoalsinits Fiscal
Year 2014-2018 EPA Strategic Plan.t The EPA Strategic Plan specifically calls upon the Agency to
address climate change in ways that promote sustainability, make areal differencein
communities, and build partnerships at state, tribal, local, and international levels.

1 http://www2.epa.gov/planandbudget/strategicplan
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The President’s Climate Action Plan (PCAP) calls forthe nation to reduce carbon, or greenhouse
gas (GHG), emissions and prepare for climate change across a wide range of sectors, from power
generation to agriculture, forestry, and water.2 The plan directs EPA to work closely with states,
industry and other stakeholders to establish carbon pollution standards for new and existing
power plants, and to help local communities across the nation take action on climate change.
The Agency’s climate change research program therefore is designed to inform Agency decisions
and actionsto implement PCAP.

Such a challenge requires working closely with partners and stakeholders both within the
Agency and externally toidentify and conduct the research needed to make real progress. ORD
thus works closely with the Office of Airand Radiation (OAR), Office of Water (OW), Office of
Solid Waste and Emergency Response (OSWER), Regional Offices, and others within EPA to
understand theirhighest priority climate-related research needs. Itis EPA’s program and
regional offices that have the responsibility to develop and implement federal environmental
laws and regulations, many of which are now being, and will increasingly be, impacted by
climate change. One example of how EPA actions are affected by climate change, and how ORD
can provide information to help EPArespond, is the Climate Ready Estuaries program, a part of
the National Estuary Program of the Office of Water. ORD provided technical guidance on the
use of expertjudgmenttoinform local decision makers about approachesto development of
climate adaptation plansforestuaries.?

The President’s Executive Order 13514 also required EPA to develop an Agency-wide Climate
Change Adaptation Planto ensure that EPA is able to achieve its missionin the face of a
changingclimate. This EPA Adaptation Plan and the 17 Office-specific Climate Adaptation
Implementation Plans provide additionalinsights into the research needed by EPA to
understand and respond to climate change. These plansinclude effortsto understand how
ozone and particulate matter (PM) concentrations will change as temperaturesincrease, the
potential forincreased wildfires to affect air quality, how extreme precipitation events can
resultinfloods thatimpact water quality and land use, and the impacts of climate change on
aquaticecosystems.S'6

Externally, EPA’s Science Advisory Board (SAB) and the ORD Board of Scientific Counselors
(BOSC) provide independent, expert guidance on the near-term and long-term climate-related
science issues they perceiveascritical to EPA. More broadly, EPA also connectsto the diverse
climate research efforts across the federal governmentrole asa member of the U.S. Global
Change Research Program (USGCRP).” The USGCRP providesaforum for the interactive, cross-

2 http://www.whitehouse.gov/sites/default/files/image/president27sclimateactionplan.pdf.

3 http://www2.epa.gov/cre/coastal-adaptation-toolkit#frameworks

4 http://www.epa.gov/oaintrnt/practices/e013514.htm

5 http://www.epa.gov/climatechange/Downloads/EPA-climate-change-adaptation-plan.pdf

6 http://www.epa.gov/climatechange/impacts-adaptation/fed-programs/Final-EPA-Adaptation-plans.html

7 USGCRP coordinates climatechangeresearchacross 13 federal agencies, emphasizingthe foundational role of
sciencein understandingglobal changeandits impacts onthe environment: “Research, alongwithan array of
increasingly sophisticated tools for collectingand analyzing data, can provide essential knowledge to governments,
businesses,and communities as they planfor and respond to the myriad manifestations of global change, including
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agency discussions of the science of climate change and impacts across the nation to gain the
most value from federal climate research investments. As EPA’s representativeto USGCRP, ORD
actively engages with this community to communicate EPA’s research needs, identify
opportunities forinteragency collaboration and coordination, and contribute research expertise
and results to USGCRP’s guidance and communication of the comprehensive federal research
efforton climate change.

Purpose

The impacts of climate change on the environment affect the historical patterns of pollutant
formation and theirtransportinall mediaand, not surprisingly, the responses of people and
ecosystems to pollutant exposures. Experience with complex systems, on the otherhand, warns
us that these changes are not the only concern we mustaddress. We must also factor in
environmental effects related to implementation of those very practices and technologies used
to mitigate the causes and respond tothe impacts of climate change. The connectedness of
natural and human systems and the potential impacts of interventions —even to mitigate —will
undoubtedlyimpact how EPA achievesits mission to protect human health and the
environment.

The climate science effort outlined below is designed to provide EPA with the scientific and
technical information it needs to better understand how climate change may affect its ability to
protect human health and the environment, and at the same time, inform governmental bodies
and communities as well as individuals about how to prepare for, adaptto, and mitigate those
impacts.

This Climate Change Research Roadmap will:

1. Describethe priority climate change related research needs of EPA Program and Regional
Offices;

2. Describe the scope of currentand planned research conducted by ORD that addresses the
identified priority research needs of its partners (Agency Program and Regional Offices); and

3. Identify newresearch directions and gaps to betterinform ORD’s Strategic Research Action
Plans (StRAPS) as these plans are implemented and as they evolve in the future.

This Research Roadmap draws from StRAPs developed for each of the six national research
programs within ORD to shape and coordinate ongoing climate-related research efforts across
its six National Research Programs. The roadmap is designed to emphasizeand strengthen
ORD’s science leadership in climate change through its existing expertise and capabilities, while
providing amap to leverage its partnerships with experts across and beyond the Agency, the
greaterscientificcommunity, state and local governments, and industry. The roadmap
illustrates how ORD appliesits expertisein the research arenas of air and water quality,
ecosystem behaviorand services, and communityand environmental healthinthe contextof a
changingclimate. Tothat end, ORD’s connections to EPA partner offices, such as the OAR, OW,

sea-level riseand oceanacidification, heatwaves and drought, and the severe storms, floods, and forest fires that
pose anever-growing riskto life, property, and agriculture” (see USGCRP 2012-2021 Strategic Plan Executive
Summary, http://downloads.globalchange.gov/strategic-plan/2012/usgcrp-strategic-plan-2012-executive-

summary.pdf).



http://downloads.globalchange.gov/strategic-plan/2012/usgcrp-strategic-plan-2012-executive-summary.pdf
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OSWER, and Regional Offices, help focus research onthose issues of greatestimportanceto EPA
decision making. The roadmap alsoillustrates the EPA’s research relationships with other
federal agencies, including the National Oceanicand Atmospheric Administration (NOAA), the
Department of Energy (DOE), National Aeronauticand Space Administration (NASA) and others,
as well asworking with leading academicresearchers and industry experts.

Figure 1illustrates how the Roadmap coordinates input from ORD’s research partners, external
research organizations, and advisory groups to provide consolidated guidance on climate change
research needs and priorities tothe ORD research programs. The Roadmap also works across
the ORD research programs and with the Laboratories and Centers to guide translation and
delivery of the results of climate-related research to the research partners. The Roadmap does
not replace ordirectthe ORD research programs, but acts to coordinate and consolidate that
research in waysthat help integrate across the programs to meetthe needs of ORD’s Program
and Regional Office partners.

Other
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OSWER Identification of CI l mate
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Figure 1. Schematicofthe role of the climate research roadmap.

EPA’s climate change science program addresses seven key research topics:

e Water quality and aquaticecosystems

o Airquality

e Human health

e Ecosystemsandland

e Mitigation and associated environmental impacts
e Social systeminfluences

e Uncertainty



OCTOBER 30, 2015 DRAFT DOCUMENT — DO NOT CITE or QUOTE

lll. Research Scope

EPA provides scientificand technical information the Agency and its partners need to better
understand, prepare for, adapt to, and mitigate the impacts of climate change. The scope of
that work s focused to fulfillEPA’s mission to protect human health and the environment, and
to meetthe Agency’s statutory authorities and responsibilities.

Expanded Problem Statement

The impacts of climate change on air quality, water quality, communities and ecosystems
threaten our health, oureconomy and our way of life. Climate change hasbeendeemed a
matter of national security® with impacts projected toincrease in the future, and tointensify in
many areas of the country. Our responsesto climate change, whetherto minimize greenhouse
gas emissions orto prepare forand adapt to the impacts of climate change, will alsoimpact the
environment. The purpose of ORD’s climate change research isto: understand the interactions
between climatechange and the environment; evaluate the resultingimpacts on human health
and welfare; inform regulatory actions and strategies to respond to these impacts; and ensure
that such responses avoid further unintended, adverse impacts.

Science Challenges

The key research topics that align with five emphases of EPA’s regulatory and other
programmaticactivities are: (1) water quality and aquaticecosystems; (2) air quality; (3) human
health; (4) ecosystems and land; and (5) mitigation and the subsequent environmental impacts
of mitigation. The science challenges forthese topicsinclude:

e Water quality and aquaticecosystems: understand how parameters critical to maintaining
and enhancing water quality and aquaticecosystems are affected by climate change such
that historical records are no longer reliable guides for water management;

e Airquality: understand how climate change affects air quality and how air quality-related
emissions and atmosphericprocesses affect climate change;

e Human health: understand the incrementalimpacts on human health due to climate-driven
exacerbation of effects associated with exposure to existing environmental stressors, and to
understand emerging health threats caused by climate change;

e Ecosystemsandland: understand how and to what degree the impacts of climate change,
such as flooding, sealevelrise, and extreme events (storms, wildfire etc.), can disrupt
communities, land use and ecosystem services.

e Mitigation: informthe development of effective mitigation strategies that avoid untoward
or other, unacceptable environmentalimpacts.

In addition, itwill be important to understand social system influences to effectively respond to
climate change. As climate change will impact virtually all aspects of personaland community
life, how communities contend with broad environmental change and betterunderstand critical
options will affect the means and likelihood of achieving sustainable and acceptable outcomes.

8

https://www.whitehouse.gov/sites/default/files/docs/National_Security_Implications_of Changing_Climate_Final
_051915.pdf.
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This understanding extends beyond the domain of technology alone, but requires an
understanding of economicand social factors that are integral to broad-based community and
governmental decision making. The complexity of climate change, itsimpacts on both natural
and human systems and the many uncertaintiesinherentin the responses of complex systems
require the development of transdisciplinary methods and approaches to inform decisions in the
context of deep uncertainty.

Research Alignment and Coordination

Climate change researchis of necessity scientifically broad and must be systems-based. ORD’s
unique research responsibilities focus on scientifictopics that directly impact air quality, water
quality, and waste management, and subsequently human health and the environment
positions EPAtoaddressimpacts be they direct or indirect. The scope and magnitude of the
science needsissuchthat EPA relies on external partners, primarily otherfederal agencies, to
develop the fundamentalscientificunderstanding (e.g., global atmospheric, oceanicand climate
models) forthose areas that fall outside the scope of EPA’s legislated authorities or for which
otheragencies have been assigned the lead.

To meetthe science challenges which fallto ORD, climate-related research is conducted as part
of ORD’s six programs, primarily within the Air, Climate, and Energy (ACE) and Safe and
Sustainable Water Resources (SSWR) programs. While climate-related researchisalso
embraced in the Sustainable and Healthy Communities (SHC), Homeland Security (HS), and
Human Health Risk Assessment (HHRA) and Chemical Safety for Sustainability (CSS) research
programs, it comprises a much smallerfraction of those programs andrelies on highly leveraged
activities. Ingeneral, workin ACEfocuses on air quality-climateinteractions, energy systems,
climate change impacts on watersheds and ecosystems, development of land use and other
climate-relevant scenarios, and decision support methods and tools. Complementing this work,
SSWR investigates climate change impacts as one of several stressors on aquaticecosystems,
watersheds, and drinking waterand wastewaterinfrastructure, with afocus on preparedness
and adaptation, while SHC focuses on community-level information and decision tools that
incorporate climate change as a multiplying stressor. Consistent with theirmissions, HS focuses
on resilience of water systems to disastersincluding those caused by climate change, and HHRA
incorporates climate change into evaluations of human health risks of exposure to pollutants.
CSS researchisresponsible for considering climate impacts of new compounds that may be
introducedinto the environment as a consequence of climate change. The goal of thisroadmap
isto lay outthisarray of research systematically to betterinform and guide ORD climate
research plans consistentwith EPA’s overall climatevision.

Research coordination extends across the other cross-cutting roadmaps (nitrogen, children’s
health, and environmental justice). The need to considerthe impacts of climate change on
vulnerable populations and ecosystems highlights the connections between the Climate Change
Roadmap and those for children’s health and environmental justice. Asnotedinthe
Environmental Justice Roadmap, Tribal communities may be more vulnerable and
disproportionately impacted by climate change, especially when it disrupts the ability to depend
on surrounding ecosystems for food sources, cultural practices, and unique lifestyles. Other
environmental justice communities are also expected to face disproportionaterisks from the
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impacts of climate change, as are children. Coordination of work across research programs
therefore requires on-going efforts to ensure all these cross-cuttingissues are effectively
incorporatedinto research design and activities.

Communication of EPA’s research needs and activities is critical to ensure coordinated research
across ORD and that these efforts address the needs identified by our Partners (see Section V) as
fully as possible. The development of the StrategicResearch Action Plans (StRAPs) is at the core
of these endeavors buildingupon annual, in-depth discussions between National Research
Program teams and relevant Partner offices to plan upcoming research activities. Thereis
regulardiscourse between ORD and our programmatic Partners across all organizational levels.
Quarterly, monthly, and weekly discussions as appropriate allow for formal and informal
exchanges of perspectives, results, andissues. Program teams provide guidanceandinputto
the strategicand annual planning efforts of otherresearch programs, and cross-cutting topic
leads (climate change, nitrogen, children’s health, and environmental justice) also review and
contribute tothe planning of each of the programs. Higher-level research priorities, such as
those identified in the EPA Climate Change Adaptation Plan, are communicated to the six ORD
research programs by the Associate Director for Climate.

EPA is one of 13 Federal agencies that perform climate change research coordinated at the
federal level by USGCRP which serves asa forumto communicate EPA’s research needs.
Companion USGCRP agencies conduct research that addresses the fundamental science leading
to changesto atmosphericand oceaniccirculation, weather (including extreme events), fish and
wildlife habitats, water supply risks, transportation, energy production and demands, and
agriculture, amongothers (see Table 1below). The focus of EPA researchis to understand and
synthesize the science of how climate change may affect human health and the environment to
enable EPAto meetits legislated responsibilities.

To integrate the complex task of research to understand climate change, key needs are
communicated through several interagency venues, including the USGCRP and other
subcommittees of the Committee on Environment, Natural Resources, and Sustainability
(CENRS), aswell asthroughinteractions between EPA and otheragencies at working levels. At
the workinglevel, USGCRP coordinates the activities of 13 interagency working groups that
fosterinformal cross-agency integration and collaboration (i.e., interactions that do not require
formal interagency agreements) among research programs and investigators. ORD staff are
active participantsin nine of the Interagency Working Groups (IWGs), and EPA staff from other
Offices are engaged with five of the same IWGs as well as two others (Appendix D). The ACE
Associate Director for Climate

Table 1. Climate-related research conducted by otherfederal agencies of importance to EPA and ORD.

Agency Climate-related research topics
USGCRP Agencies/Offices*
Department of Agriculture GHG inventories and climate-related impacts on natural

and human systems associated with agricultural
production; forestinventory; biofuel feedstock
production and impacts
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Department of Commerce (National
Oceanicand Atmospheric Administration,
National Institute of Standards and
Technology)

Global climate modeling; climate and oceanic
observations, including polar region observations;
climate-related geophysical process understanding,
includingatmospherictransportand chemistry and
aerosol science; ambient measurements of GHG
concentrations; GHG measurement technologies and
standards

Department of Energy (Office of Science,
Office of Energy Policy and Systems
Analysis, Office of Policy and International
Affairs)

Global climate modeling; atmosphericsystem science,
including aerosols, clouds, and radiative transfer; role of
terrestrial ecosystems; carbon cycle observations;
integrated assessment modeling; impacts to energy
production and transmission

Department of Health & Human Services
(National Institutes of Health, Centers for
Disease Control and Prevention)

Health impacts of climate change due to heat, air
quality, infectious diseases, and severe weather
aftermath; health monitoring; publichealth adaptation
strategies; potential health effects of GHG mitigation
approaches

Department of the Interior (U.S.
Geological Survey, Bureau of Reclamation)

Processes controlling Earth system responses to climate
change; impacts on natural resources; waterresource
monitoring; remote sensing (Landsat); National Land
CoverDatabase; biological carbon sequestration; GHG
flux in ecosystems; regional impacts on fish, wildlife, and
ecological processes

National Aeronauticand Space
Administration

Satellite observations of atmosphere, ocean, land, sea
ice, and ecosystems to understand carbon and water
cycle dynamics, soil moisture, atmospheric composition,
and radiative balance; global climate modeling

National Science Foundation

Atmospheric, oceanic, and ecosystem process
understandingand modeling; human and human system
response to climate change; impacts to ecosystems and
ecosystem services; integrated model development

OtherAgencies/Offices

Department of Energy (Office of Fossil
Energy, Office of Energy Efficiency and
Renewable Energy)

Development, demonstration, deployment,and
evaluation of low carbon energy generation and use
technologies

* Relatively littleresearchis provided by the other USGCRP memberagencies (Department of
Defense, Department of State, Department of Transportation, Smithsonian Institution, and U.S.
Agency for International Development)

serves as the EPA representative to the CENRS Subcommittee on Global Change Research,
further ensuring close coordination and integration with otherfederal agencies.

Additional interagency coordination occurs through collaborations such as the Climate Change
and Water Working Group (CCAWWG), whichis a working-level effort to coordinate water
managementactivities thataccount for climate change. CCAWWG addresses researchand
implementationissues, and includes agencies outside the USGCRP umbrella, including the
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Federal Emergency Management Agency and the Bureau of Reclamation.® Research needsand
issuesidentified across the participating federal agencies are communicated to ORD primarily
through OW.

Interagency research efforts are frequently coordinated using Memoranda of Understanding
(MOUs) that define research activities and resource investments within each participating
agency and how information will be shared across agencies. ORD’s MOUs with otherfederal
agencies define commitments toward achievingacommon goal without transfer of resources
Several MOUs related to climate research includethose with the Army to evaluate “Net Zero”
technologies, with NASA to promote collaboration on environmental and earth sciences, with
NIEHS on children’s health (including effects of climate), and with USGS to develop collaborative
research on aquaticspecies habitat modeling. Additional informal interagency collaborations
occur more frequently based on recognition of complementary expertise and resources,
mutually beneficial outcomes, and availability of resources. More broadly, ORD and EPA
frequently communicate with staff from otheragencies, promoting good awareness of
capabilities and needs across agency boundaries. These interactions are quite diversein their
constitutions and goals, EPA benefits substantially from stronginterest on the part of other
agenciestointeractand conduct research that will be applied to EPA needs.

IV. Cross-cutting ORD Research

Current and Planned ORD Research

This section presentsthe climate change-related research currently being conducted across ORD
as well asthat plannedinthe StRAPs. The science needs of ORD’s partners, developed through
focused discussions with EPA Program and Regional Offices to determine their mostimportant
needs forscientificinformation, are presented, followed by brief descriptions of currentand
plannedresearch designedto provide the needed information. Those identified needs that
cannot be addressed by ORD are identified as gaps between what the Program and Regional
Offices have identified as needs and what ORD is able to provide within the combined capacity
of the National Research Programs.

The ORD research programs that have relevant expertise and program scope to address the key

research topics discussed above are shown belowin Figure 2. The figure reflects asubjective
evaluation of programrelevance.

The black cellsindicate lead programs forthe respective topics, based on the amount of climate-
related research being done by each program. In the area of human health, ACE was identified
as the lead program ratherthan HHRA, given the focus of HHRA on assessments and the
Integrated Risk Information System (IRIS).

No lead programisidentified for the social science topic because it fits within each programin
different ways. The uncertainty topicisled bythe ACE program, which broadly leads ORD’s
climate change research.

9 http://www.ccawwg.us/index.php/home.

10
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Water Quality and Aquatic Ecosystems

The basic science challengerelated to water quality and aquaticecosystemsis to understand
how climate change is affecting watersheds, wetlands, estuaries, and coastal environments
through alterations in temperatures, precipitation, runoff, flows, sealevel, chemical and
microbial dynamics and othervariables. Changesintemperatureand flow (includingimpacts on
availability) are in themselves important to water quality and ecosystem and publichealth, and
can lead to changesin otherstressors such as nutrient processes, dissolved oxygen/biological

oxygen demand, dissolved organic matter, chemical toxicity, and pathogen viability. More

ACE CSS

HHRA

HS

SHC

SSWR

Water Quality and Aquatic
Ecosystems

Air Quality

Human Health

Ecosystems and Land

Mitigation and Associated
Environmental Impacts

Social Science

Uncertainty

Figure 2. ORD programs with relevant expertise and responsibilities for key research topics
related to climate change. Black cellsindicate lead responsibility, gray cells indicate relevant
activities, and white cellsindicate no significant activities.

frequentand severe wildfires can resultinincreased loads of nutrients, sediment, and organic
matter downstream. Changesin coastal and ocean characteristics, such as acidification and sea
levelrise, create furtherissues of concern. Climate-driven changes are exacerbated by other
majorchangessuch as land use, population change, and evolving trends in energy production
and agriculture.

Research on the impacts of climate change on water quality and aquaticecosystemsis
conductedin ACE, SSWR, and HS, and covers several areas: impacts of climate change that pose
threatsto regulatory program effectiveness; impacts to watersheds and aquaticecosystems;
impacts to waterinfrastructure; assessments of climate change impacts on water quality;

evaluation of impacts to aquaticecosystems; development of monitoring methods and
practices; and development of sustainable energy- and water-efficient infrastructure.

EPA SCIENCE NEEDS: Water Quality and Aquatic Ecosystems

Priority research needs related to climate change and wateridentified by OWand the Regions
focus on four main topics:

e Changing, climate-driven demands on water treatment systems, including
= Waterreuse
= Energyefficient nutrientremoval
= |mpacts of source and influent watertemperaturechanges

11
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= Potential needtotreatincreased ornew pathogens
e Climate impacts on watersheds, including
e Changesinflow andtemperature, including methodsto estimate low flows
e Water supplyshortfall
e Watershedhealthand function
e Monitoringand methods toidentify tipping points and thresholds
e Impacts of climate change on harmful algal blooms
e Climate-driven changesinocean and coastal environments, including
* |ndicators of changesin coastal watertemperatures and acidification
= Impacts of sealevelrise and stormsurge

= |mpacts of climate change onseaice and subsequentimpacts on Alaskan coastal
communities

Water-related researchisalso of interest to OSWER. Information on the effects of climate
change on extreme weather events, particularly the location, frequency, and magnitude of
flooding events, is needed toinform guidance onsitingand design of landfills. OARhasalso
identified the impacts to ecosystems, including aquatic ecosystems, caused by climate change as
aresearch need.

ONGOING ORD RESEARCH: Water Quality and Aquatic Ecosystems

Researchis being conducted by ORD to understand the vulnerabilities of water quality

regulatory programs to a changing climate, including vulnerabilities from directimpacts of
climate change.

ORD isconductingresearch to assess hydrologicand biogeochemical sensitivity to climate and
land use change, and to develop indicators of watershed condition and attributes that promote
watershedintegrity. Thisresearch allows application of arange of future climate andland use
conditions to examine how such changes may affect watershed and resource integrity and
sustainability.

Research related to waterinfrastructure will provideinformationto OW, and ultimately water
utilities, that will enable water utilities to plan forand respond to the challenges of climate
change, reduce GHG emissions, and increase sustainability. Workinthis area includes efforts to
advance the use of greeninfrastructure for mitigating sewer overflows during high precipitation
events, “netzero” utility operations and sustainability indicators, water reuse treatment

technologies, technologies that reduce energy consumptionin watertreatment, and processes
for energy production from water treatment wastes.

An assessment of the impacts of climate change on water quality is being developed by ORD to
provide the scientificfoundation for consolidating and synthesizinginformation needed by OW
and othersto develop effective responses. Forexample, this workincludes specificapplications
to develop guidance toincorporate changing temperaturesinto regulatory programsin
collaboration with Region 10.10 Research on climate change and water quality includes not only
assessments themselves, butthe tools needed to support the development of assessments,

10 See Appendix B for projecttitles.

12
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such as land use scenarios. Ourextramural programis studying climate and water quality,
specifically how drought and related events, such as wildfires and changes in runoff, affect
aquaticecosystems, drinking water sources, and drinking water treatment.

ORD researchis providing OW and others with information to understand the impacts of climate
change on aquaticecosystems and associated ecosystem services. Thisresearchincludes
development of indicators of ecological condition, studies to evaluate how climate (among
otherdrivers) isrelated to nutrients and impacts on ecosystems, development of regional
monitoring networks, and the vulnerability of estuarine and near-coastal species, habitats, and
ecosystemservices to climate change. ORDis also conductingresearchto examine the impacts
of sealevelrise onaquaticecosystems and the interactions between sealevel rise, hydrology,
and stormsurge. Researchalsoincludes effortsto evaluatethe impacts of land use change
associated with biofuel production, which may affect water quality and aquaticecosystems.

Researchin ORD is also providing guidance to OW and water utilities concerning the
development of sustainable water systems, focusing on a systems perspective of water
resources and water systems in the context of a changing climate. Much of thisresearchis
place-based, with the intent of evaluating real-world systems and developing system-based
conceptsthat are broadly applicable to othercommunities. Takinga sustainability approach can
provide information that guides resource managers toward the appropriate balance of active
intervention (e.g. storm sewers)andreliance on natural adaptability (e.g. natural wetlands). This
workincludes development of acomprehensive, systems-based approach to management of
Narragansett Bay and regionally-based case studies of water resource and treatment systems.

Research on climate change and nutrients seeks to understand how climate change influences
nutrient flows and the impacts of both on critical environmental endpoints, including hypoxiain
the Gulf of Mexico. From a broader perspective, thisworkis lookinginto the connections
betweenthe carbonand nutrient cycles atregional scales.

Research scheduledtobeginin FY16 will evaluate the effects of increased watertemperature on
the frequency and characteristics of harmful algal blooms, such as bloom biomass increases and
spatial distribution, and impacts on cyanotoxin production. Researchisalso planned to evaluate
the capability of existing wastewater and drinking water treatment technologies to control and
treat cyanobacterial and algal toxins associated with expected warmerwatertemperatures due
to climate change.

ORD research will advance the identification and treatment of pathogens expected in warmer
source waters and increased runoff in regions experiencing wetter climates. Research will also
develop treatment processes, such as anaerobicammonia oxidation forammoniaremoval in
wastewater, that have the potential to decrease energy consumption.

Air Quality

Within the air quality topic, the science challenge is to understand how climate change affects
air quality and how emissions and atmosphericformation and transport of air pollutants can
affect climate change.l! Changing weather patternsalter pollutant formation and affect

11 hitp://www.epa.gov/airquality/airtrends/2010/report/climatechange.pdf
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anthropogenic, biogenic, and geogenicemissions. Concentrations of aerosols, ozone, and
methane affect radiative forcing.

EPA SCIENCE NEEDS: Air Quality
Specificresearch needsidentified by OAR and the Regions are:

e Quantification of the impacts of climate change on air quality
Investigation of the linkages between air quality and climate change, including

= Emissionsand atmospherictransport of black carbon (BC)

= Emissionsandtransport of othershort-lived climate forcers

= Therole of BC as a climate forcer, with particularattention on Arcticimpacts
e laboratory testing of cookstove performance and emissions
e Consumerorproducerbehaviorregarding energy-saving technologies (the “energy

paradox”)
e Otherresearchto support OAR’s emerging adaptation priorities, including
e Fire emissionsandtheircontributionto ozone, PM, GHGs, and regional haze

e Ecosystemvulnerability via deposition
e Impacts of climate change on stratosphericozone
e Community capacity to understand and take effective action to address climate-
driven environmental impacts
e Advanced mechanical ventilation in residential and commercial buildings

ONGOING ORD RESEARCH: Air Quality

Expertise on measurement of particulate matter (PM) and development and application of
remote sensingtechnologiesis applied to climate-relevant emissions of black carbon (BC) and
methane, twoimportantshort-lived climateforcers (SLCFs). ResearchinthisareafocusesonBC
emissionsfrom dieseland aircraft engines and biomass burning, and on methane emissions
from oil and gas production and processing sources, in close coordination with OAR and
interagency efforts. Regional Applied Research Effort (RARE) grants are in place with several
EPA Regionsto conductresearch on both BC and methane emissions.

In the area of air quality modelingrelated to climate change, ORD’s research is focused on
applyingthe Weather Research and Forecasting (WRF) and Community Multiscale Air Quality
(CMAQ) models tofuture climate and emission scenarios. This workinvolves development of
techniquesto downscale global climate model results to spatial scales at which CMAQ can be
appliedtoincorporate regional-scale meteorology and emissions to understand how air quality
may change underdifferent possible climate conditions and emissions scenarios. Incorporation
of atmosphericchemistry and evaluation of air pollutant concentrationsis uniqueto EPA. This
research effort leverages global-scale climate modeling results from otherfederalagencies,
which are downscaled to apply CMAQto evaluate potential future air quality, as well as for use
in otherregional-scale modeling efforts to understand watershed or other environmental
responses. Additional efforts are being conducted to better understand possible changesin
organicaerosol formation as the climate changes.

The third component of ORD’s research into climate-air quality interactions involves tying
togetheremissions, air quality modeling, and effects to better understand the impacts to air
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guality and air quality-related health as a consequence of climate change and changing
technologies. Considerable effortsinthisareaare addressed through Science to Achieve Results
(STAR) grants on extreme weather events and how they can affectair quality, the role of black
carbon in climate and air quality, the impacts of residential cookstoves, the impacts of climate
change on particulate matterandindoorair quality. Additionalworkis evaluatingthe potential
healthimpacts of increased biofuel use and examining different emissions control scenarios to
identify more effective air quality management strategies that reduce climate forcing and health
effects associated with exposure to air pollutants. Thisresearchinvolves coordination and
collaborationin particularbetween ORD and OAR, as well asamong several ORD Laboratories
and Centers.

Planned work beyond the topics described above includeincorporation of potential impacts of
climate change and future energy technologies into the multidisciplinary ACE Centers supported
by the STAR program. This represents an evolution of the prior Centers focus, which previously
did not explicitly take climatechange into accountin the investigations of air quality and health.
Evaluations of the impacts of climate change toindoorair quality and related potential changes
to human health will also be supported by STAR funds.

ORD has also proposed research to better define the impacts of unconventional oiland gas
production onair quality. This work would be conducted in collaboration with the Departments
of Energy and Interior,and would include research toimprove methods for measuring emissions
of methane from unconventional oil and gas production. This will occurin close coordination
with OAR, particularlyinlight of the existing U.S. Greenhouse Gas Inventory, Greenhouse Gas
Reporting Program and the President’s Methane Strategy.

Human Health

The science challenge related to climate change and human health isto understand the
incremental impacts on human health due to climate-driven exacerbation of effects associated
with exposure to environmental stressors already of concern, and to understand the effects
caused by new, climate-caused environmental stressors and combined effects of existingand
new stressors. Degraded air quality as a consequence of climate changeisan exampleofa
driverof health effectsthatis worsened by climate change. There are also possible health
impacts associated with changing conditions at contaminated lands, such as environmental
releases caused by flooding or highertemperatures. “New” health effectsinclude thoserelated
to extreme heat, expanded range of invasive pathogens, and mental health issues related to
disruptions caused by extreme weather events.

EPA SCIENCE NEEDS: Human Health

OARand OSWER have identified research needs onthe issue of the impacts of climate change
on human health:

e Quantification of climateimpacts on human health (OAR), including
= |mpacts of changesinair quality due to climate change, including co-benefits of
reduced emissions as a consequence of mitigation approaches
= Healthimpacts of exposure to extreme heat

15



OCTOBER 30, 2015 DRAFT DOCUMENT — DO NOT CITE or QUOTE

* |mpactsassociated with changesinvector-borne diseases
= Impacts of combined s stressors, such as extreme heatand air pollutant exposure
= Scientificcontributions to National Climate Assessment (NCA) Special Reporton
climate change/health and support for EPA-HHS collaboration
e Evaluation of the cumulative health effects of climate change, in particular the non-chemical
stressors that people deal with afteraweathereventand how itimpacts their susceptibility
to chemical stressors (OSWER)

ONGOING ORD RESEARCH: Human Health

Considerableresearchis underway across ACE and other programs to evaluate the health

impacts associated with exposure to airand water pollution, without explicitly focusing on
climate as stressor. That work is not addressed here, although it forms the foundation for
understanding the health impacts of climate change.

Research that is explicitly designed to address climate change as a stressoris investigating the
links between climate change and health through more “conventional” stressors such as air
guality and weatherevents, changesin allergens, and waterborneand infectious disease. ORD is
also currently participatingin a multi-agency USGCRP effortinvolving EPA (OAR and ORD), CDC,
NOAA, USDA, and otheragenciesto assess the state of understanding of climate change-related
health effects.

Planned researchincludes aSTARsupportto investigate climate change and emerging diseases

and health effects associated with air pollutionin rural areas and that associated with goods
movement, both of which will be affected by climate change.

Ecosystems and Land

Understanding the effects of climate-driven extreme events and sealevelrise isthe
fundamental science challengein the area of land and terrestrial ecosystems. Extremeweather
events such as heavy precipitation and floods can resultin contamination of waters by
hazardous and other material. Highertemperatures, changesin precipitation, and sealevelrise,
may all adversely impact contaminated lands, potentially resultingin releases to the
environmentand will also affect ranges of wildlife and vegetation.

EPA SCIENCE NEEDS: Ecosystems and Land

Research onthe effects of climate change on extreme weather events, particularly
floods, caninform the sitingand design of waste and chemical facilities, OSWER land

revitalization efforts to create more resilient and sustainable communities, and
sustainable materials management. Specificresearch needsidentified by OSWERare:

e Informationonthe impacts of climate-driven extreme weatherevents and sea
levelrise on
=  Potential contaminantrelease from OSWERsites
=  Generationand management of storm debris
= Potential revolatilization of hazardous materials from waste sites due to
increased temperature
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= Abilitytorespondtoweather-generated emergency conditions
e Investigation of the potential for wildfires at contaminated sites to promote the
spread of contamination orimpactremedies, including

= Understanding how wildfiresin the upland areas above contaminated sites
could reduce vegetative cover, leadingtoincreased surface water runoff
and catastrophicflooding that spreads contamination orimpacts remedies

= Developinginformationto ensure new fuels are compatible with existing
infrastructure and can be stored safely to prevent groundwater
contamination by failed underground storage tanks

= Understandingthe assessment, cleanup, and area-wide planningimpacts
associated with greeninfrastructureand brownfields

= Life cycle assessments related to materials management

In addition to the needsidentified by OSWER, regional offices have identified needs
related to the impacts of climate change on environmental justice and Tribal
communities, includingthe need to understand how to incorporate traditional
ecological knowledge into evaluation of impacts and development of adaptation
strategies.

ONGOING ORD RESEARCH: Ecosystems and Land

Research onthe environmental impacts of extreme weather eventsisaddressed under
a series of STAR grants underthe solicitation, “Extreme Event Impacts on Air Quality and
Water Quality with a Changing Global Climate.”*? This work explicitly addresses air
qguality and water quality, but can be applied to the OSWER needs, atleast to the extent
of betterunderstanding extreme event frequency and magnitude.

Research onthe potential leakage of biofuels into groundwater due to corrosion and
leaks of underground fuel storage is being addressed by ORD. Work on monitoringand
contaminanttransportrelatedto thisleakage is being conducted in SHC.

ORD isalso conductingwork to understand how the behaviors of contaminantsin

sediments may change as environmental conditions are affected by climate change; this
workis being conducted relative to remediation activities.

Additional researchin this topiccovers development of methods, tools, and indicators
that can be appliedin specificcases. Thisworkincludes development of scenarios and
land use tools and datasets, climate indicators, and assessment methods and
frameworks. The researchinthisareaconnects closely tointeragency research on
ecosystem impacts of climate change, particularly through standing USGCRP interagency
working groups.

Understanding how climate change impacts Tribal communities is the focus of a series
of STAR grants to understand ecological and human health for Tribal sustainability and
well-being.

12 See http://www.epa.gov/ncer/rfa/2011/2011 star_extremeevent.html.
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Mitigation and Associated Environmental Impacts

The basic science challengefor mitigationis to develop the information needed to
inform effective mitigation strategies that do not cause other, unacceptable
environmental impacts. Although there will certainly be co-benefits associated with
implementation of mitigation strategies, 13 the examples of increased production of
biofuels and natural gas demonstrate thatadoption of approachesto reduce CO,
emissions could have adverse environmental impacts. Otherapproaches, such as smart
growth communities, designed toimprove community sustainability, also reduce CO,
emissions. Understandingthe potential for both co-benefits and adverse impacts
providesimportantinformation for decision makers as they develop mitigation
strategies.

Thisis, in some ways, the most forward-looking topic within the climate research
portfolio given that explicit mitigation actions (e.g., the Clean Power Plan!* and vehicle
GHG standards?®) are relatively recentat a national scale. Such actions, and any
associated environmental consequences, are expected to expand substantially. Aswas
the case with biofuels and natural gas, these consequences may not be explicitly
perceived as associated with mitigation strategies.

EPA SCIENCE NEEDS: Mitigation and Associated Environmental Impacts

Research needsidentified by OAR are:

e Laboratory testing of cookstove performance and emissions

e Residential and commercial buildings advanced mechanical ventilation

e Betterdata on applications of carbon capture technologies for gas-fired electric
generatingunits

e Assessmentof mitigation technologies to inform policy and regulation
development

e Evaluation of the efficacy/permanence of non-geologic sequestration of carbon
dioxide (e.g. carbon dioxide utilization in cement, industrial utilization of carbon
dioxide)aswell as recommendations for monitoring and accounting options

e Emissionsfrom sources of non-CO, GHGs (e.g. landfills, coal mines, manure
management, etc)

e Improveddataon directandindirect nitrous oxide emissions from agricultural
soils, improving the abilityto estimate (e.g., more in situ measurements, data
inputs and process modeling) and identify opportunities to reduce emissions (in
the context of other environmental benefits of improved N fertilizer use
efficiency).

ONGOING ORD RESEARCH: Mitigation and Associated Environmental Impacts

13West et al., Nature Climate Change3, 885 (2013);
http://www.nature.com/nclimate/journal/v3/n10/full/nclimate2009.html

14 http://www?2.epa.gov/cleanpowerplan/clean-power-plan-existing-power-plants

15 http://www.epa.gov/otaqg/climate/regs-light-duty.htm#newl
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ORD’sresearchis working with OAQPS to support growinginterest on the part of
partneroffices to develop and understand future scenarios of energy production and
use related tofuture air quality strategies. The use of energy system modeling provides
OARwithinsightsinto possible future conditions given the significant uncertainties
associated with future technology advancement and policy directions. Interactions with
both OAQPS and OAP within OAR and with the National Center for Environmental
Economicsinthe Office of Policy (OP) provide guidance to ORD regarding scenarios of
interest. Growinginteractions with DOEin particular, as well aswithindustryand the
academiccommunity, will be an area of emphasis.

Researchinto possible scenarios of the US energy system and how such scenarios can
impact emissions of key air pollutants and water demand is being done using the
MARKAL model. Life cycle approachesare also beingusedto betterunderstandthe
broader environmental implications of different energy technologies. Work s
progressingto enable these two approaches to be combined, so that more complete
understanding of future energy system configurations can be developed. Atthe
community level, research on community sustainability and associated CO, emission
reductions provides information that can be applied locally.

Complementing this work is research to evaluate performance of energy-related
technologies. The greatest current effortinthis areais evaluation of cookstoves (and
including heating stoves)used primarily in developing nations, but with some
applicationinthe US. Effortsinthisarea are supported by internal testingand grants
throughthe STAR program. Additional efforts are evaluating the potential
environmental impacts, applicability, and retrofit potential of carbon capture
technologies for power generation.

A STARgrant Request for Applications (RFA) isunderdevelopmentto solicit research
related to environmental implications of a changing energy infrastructure. The RFAis
evaluating optionsto considerthe “energy paradox” noted in the needs above.

There are also opportunities to reduce GHG emissions through materials and land
management practices. At each stage in material flow —as materials move through the
economy from extraction or harvest to reuse ordisposal — GHGs may be emitted.
Additionally, how we manage and use land has a directimpact on GHG emissions and
the fate of greenfields that serve as a carbon sink.

Cross-cutting Issues

The two cross-cuttingissuesidentified above, social system influences and uncertainty,
reflecttwo related science challenges: incorporating the influence and behavior of social
systemsinto analyses of climate impacts and responses; and improving understanding
and incorporation of deep uncertainties into evaluations of climate impacts and
responses. These two are connected through the substantial uncertainties related to
social system responses, such as changesin policiesand economicand technological
development.
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EPA SCIENCE NEEDS: Cross-cutting Issues

Research needs onthe cross-cuttingissues wereidentified by ORD partnersrelated to
social systems:

e “Energyparadox” research that addresses consumeror producer behavior
regarding energy-saving technologies

e Improve community’s capacity to understand and take effective action to address
harmful environmentalimpactsin theircommunity (OAR)

e Understandinteractions between social, behavior, environmental, and biological
factors for EJ and Tribal communities who are disproportionately impacted (OAR)

e |dentify and communicate best practices forcommunities to adaptand mitigate
climate change (OSWER)

ONGOING ORD RESEARCH: Cross-cutting Issues

ORD has made progressinthe area of incorporating social sciences intoits climate-
related research, but this arearemains one in which additional progressis desirable.
The scope of relevantsocial sciences expertise related to climate change is substantial,
including economics, decision science, communications, community and institutional
dynamics, planning, policy formulation, and cultural heritage. Forareas such as
economics and communication, ORD works with existing EPA expertise (the National
Centerfor Environmental Economics and the EPA and ORD communications offices,
respectively). Inotherareas, ORD works with otheragencies, such as the Department of
the Interior, as well as within cross-EPA structures such as the Tribal Science Council.

For otherareas, such as decision science and community dynamics, efforts to
incorporate social science expertise are being developed through several activities.
Within ACE, research is underway to develop methods to apply robust decision making
conceptsto environmental decisions. Changesin populationand demographics are
incorporatedintointegrated climate and land use scenarios developed by ACE to
support projections of climate impacts on environmental end pointsin the National
Climate Assessment. ORDis expandingits effortsinthe area of community support
through additional climate-focused research within the SHC program, which will provide
furtherresourcesfor developing better understanding of whatinformation is needed by
communities to develop sustainable approaches to climate change adaptationand
mitigation and how ORD can help provide thatinformation. The SHC work beganin
FY15.

A significantand overarchingresearch needisto develop perspectives and approaches
to account and plan forthe deep uncertainties associated with climate change. There
are two aspects to thisneed. The firstisto conduct research in ways that adequately
evaluate the uncertainties in future conditions due to the inherent complexities of
natural and human systems and theirinteractions. Such approaches mayinvolve use of
model ensembles and multiple scenarios of climate change drivers and impacts, and
evaluation of model uncertainties. Closelyrelatedisthe needtorecognize the potential
for “low probability-high consequence” impacts thatare likely to resultinimpacts with
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which we have little orno experience. These needs will not be addressed by ORD or
EPA inisolation, but willrequireclose interaction with otheragencies and research
organizations.

Equallyimportantis the need toadequately communicate timing, magnitude, and
uncertainties of climate change impacts. Suchinformationisalreadyincorporatedinto
ORD’s climate-related research products, and additional efforts to communicate the
deep uncertainties related to climate change (e.g., thoseassociated with policy and
individualresponses orresponses of Earth systems) are beingincorporated into Agency-
wide training materials as part of the EPA Climate Change Adaptation Plan.

Examples of ORD Integration

Climate change provides opportunities forintegration across multiple dimensions—
discipline, Laboratory/Center, research program, regulatory office, and agency, to name
the most apparent. From a strategicperspective, ORD seekstointegrate to the extent
that itavoids unnecessary duplication, fills critical gaps, and provides results that reflect
the multiplicity of impacts and needs associated with climate change.

There are numerous examples of ORD’s collaborative research on the impacts and
responses to climate change. With much of the fundamental research on climate-
related processes conducted or supported by otherfederal agencies, work thatinvolves
interaction with otheragenciesis common. Such workincludes developmentand
application of land use and climate scenarios, evaluation of future energy scenarios
(includingimpacts to water demand), downscaling of global climate to regional scales
for useinair quality modeling (and development of improved representations of clouds
and precipitation), and investigation of climate change’s effects on coastal species.

Specificexamples of integrated researchinclude:

1. Evaluation of cookstove performance and test protocoldevelopment. This work s
focusedinthe ACE program, combininginternal work conducted by ORD
researchers and external research supported by the STAR program. Researchis
conductedin close collaboration with the Global Alliance for Clean Cookstoves?®
(GACC), forwhich the lead US agency is the Department of State. Inputfrom DOS
and DOE provide guidance to ORD in the development and implementation of the
testing program, and the STAR solicitation was developed with input from GACC,
DOS, DOE, HHS, and within EPA, OAR. ORD focuses on development of cookstove
testingapproaches, evaluating life cycle impacts of biomass-based cookstove use,
and understandingthe ambient and indoor health impacts of exposure to
cookstove emissions. DOE’s focusis on development of new cookstove
technologies, HHS is evaluating population-level health impacts, and DOS works
with GACC to coordinate efforts with other countries and provide guidance to the
broaderissuesrelated to financing, cookstove adoption, and development of
international program support.

16 See http://cleancookstoves.org/.
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2. Adaptation to climate-driven changes in water quality. There are multiple
research tasks across SSWR and ACE thatare relevantto this relatively broad
topic. Research supported underthe STAR programis evaluating the impacts of
extreme weatherevents on waterquality, andisjointly funded by ACEand SSWR.
ACE efforts to evaluate the responses of watersheds to climate change connects
with SSWR work on watershed integrity, as wellas with the cross-cutting nutrient
research conducted by SSWR and ACE. Research to evaluate sustainable water
systemsinvolves SSWR’s green infrastructure research and work by SSWR and ACE
on the energy-water nexus. Ingeneral, research within ACEfocuses on problems
inwhich climate change is the major stressor, while SSWR has responsibility for
waterresource issues forwhich climate change is just one of several stressors.
Thisis notthe sole ora staticdetermination, butis developed dynamically as
partner needs are evaluated in the context of Program capabilities.

3. Evaluation of methane emissions from lakes. An example of how emergingissues
are addressed toimprove cross-program integrationisarecent SSWR study
initially designed to evaluate water quality management strategies forreservoirs
located in agriculture-dominated regions. Preliminary results indicated methane
emissions from lakes may be a more significant source of GHGs than previously
known. Plansforfurtherresearch will include methane measurement expertise
from ACE to validate their preliminary results. SSWR will continueto provide the
expertiseto understand reservoir and aqueous nitrogen dynamics, and ACE will
provide additional expertise related to methane emission measurement.

In each of these examples, research was conducted by the Program that had the
appropriate expertiseand facilities to address the specificresearch question(s).
Working with the National Research Program staff to coordinate research planningand
withindividual investigators to identify opportunities as research evolved has resulted in
climate-related research thatis more comprehensive and informative compared to
efforts conducted in the absence of such coordination and integration.

Integrationis more than cross-organizational or multidisciplinary research. Research
syntheses can provide greater understanding of the implications of the detailed
research resultsfor EPA. OAR relies on quantitative assessments of climate change
impacts on air quality, human health, and ecosystems to inform climate change policy,
rulemaking, and communication. Forexample, the ORD 2009 climate and ozone
assessment!’” provided the strong scientificbasis forincluding the health impacts of
ozoneinthe 2009 Endangerment Finding. ORD is moving toward development of such
synthesis products, both internally and with external partners. Examplesinclude the

interagency Climate Change-Human Health Assessmentin collaboration with HHS and
USDA, and the Climate Change-Water Quality Assessmentin collaboration with OW.

17.U.S. EPA. Assessment of the Impacts of Global Change on Regional U.S. Air Quality: A Synthesis of Climate
Change Impacts on Ground-Level Ozone (An Interim Report of the U.S. EPA Global ChangeResearch Program). U.S.
Environmental Protection Agency, Washington, DC, EPA/600/R-07/094F, 2009
http://ofmpub.epa.gov/eims/eimscomm.getfile?p_download id=491176
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The STAR program is placingincreased emphasis on development of synthesis
documents that summarize and place into context the research conducted across each
RFA, and the ACE and SSWR programs are working to make such synthesis productsa
common componentof all projects. Furtherefforts are needed to plananddevelop
synthesesthat cutacross research programs.

Opportunities for Further Integration

There has been substantial improvementinintegrating and coordinating climate-related
research across ORD’s NRPs overthe pastseveral years, and the formation of national-,

and EPA-, and partner Office-level policies and guidance has played animportantrolein
facilitatingthatimprovement. Thisis due tothe increasingly consistent messagesabout
the importance of climate change to EPA and, in more detail, the partner offices.

The past several years have seen substantial increasesininteractions across EPA on the
issue of climate change, with particularemphasis on increasing the communications
between ORD and our EPA partners. These communications have made it clearthat
there are numerous opportunities for connecting with Regions and states, in particular.
Efforts such as the development of parameters needed to incorporate stream
temperaturesintoimplementation of water quality regulationsis agood example of
moving ORD’s research into practice. This effort broughttogetherstakeholdersfrom
the state, alocal tribe, and an EPAregionto help design the research to ensure thatthe
parameters and analytical method could be incorporated into the regulatory process.

Additional efforts for further cross-organizationalintegration have included in-depth
discussions with OARregarding use of scenariosin development of air quality standards
and collaborations with the National Center for Environmental Economicsand OARto
develop STARgrantsolicitations. ORD consistently seeks opportunities to work with
otheragencies on co-funded or coordinated requests for research grant proposals.

ORD’s national research programs each recognize the critical need for continued
communication across EPA and with external partners to ensure that we are taking
advantage of opportunities for collaboration, integration, and understanding. The
research portfolios that are developed throughout the ORD planning process are the
result of on-goinginformal and formal negotiations concerning research priorities that
occur throughoutthe year.

V. Research Gaps & Priority Research Needs

This section summarizes the research gapsandillustrates how priorities for research
topics are determined. Inshort, the gapsreflectresearch that has beenidentified
during the extensive efforts by the EPA Program and Regional Offices to identify their
climate-related science needs but thatis notbeing conducted by ORD. The research
activities described above are those that address the highest priority needs identified by
ORD’s partners and are within the scope of EPA (inthe context of federal, cross-agency
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research activities). The gaps are those needsthat have beenidentified, butare not
among the highest priorities or within EPA’s scope.

Synthesis of Existing Gaps

The research needs represent asynthesis of needs identified by OAR, OW, OSWER, and
Regional Offices. Appendix C presents atable of identified research needs and relevant
ORD research underway to address those needs.

The research needs presented in Appendix Care the result of focused discussions
between EPA Program and Regional Offices to determine their mostimportant needs
for scientificinformation. The needs identified by the Program and Regional Offices
reflectthe issues those Offices are currently facing, orexpectto be facinginthe near
future, and for which additional scientificinformation is needed toinform decisions on
those issues.

The EPA Climate Change Adaptation Plan and the Adaptation Implementation Plans
developed by each EPA office provide context for the research needs. The intra- and
inter-Office discussions that occurred, and continue to occur, regarding the
vulnerabilities of EPA activities to climate change inform the research needs developed
by ORD’sinternal partners. Factors such as relative states of understanding, expected
timing of impacts, and otherfactors in addition to the vulnerabilities are incorporated
intothe development of the research needs.

Similarly, the portfolio of research conducted by ORD at any specifictime is dependent
uponseveral factors, including the availability of resources, including facilities and
personnel. Development of the annual research portfolio alsoincorporatesinput from
the partneroffices regarding their priorities, guidance from external advisory groups
such as the SAB and BOSC, and status of on-going research. Those needs thatare not
addressedinagivenyearare considered gaps between what the partners have
identified and the current-yearresearch portfolio. The portfoliois adjusted annually to
address as many partnerneeds as possible. The needsidentified by ORD’s partners
included several that are to be addressed in future years:

Gaps: Water quality and aquatic ecosystems

The effects of climate change on wateravailability and flow is agap within EPA, given
the importance of availability and flow to water quality. The U.S. Geological Survey
(USGS) has primary responsibility forinformation and data on wateravailability, and
ORD works closely with USGS to ensure the appropriate datais usedin projections of
water quality that are affected by availability. A specificgapisthe identification of
watersheds for which community water systems may be atrisk of long-term water
supply shortfalls.

Anothergapis the need for methods to estimate projected future flows, such as the
lowest 7-day flows overaten-year period (7Q10). Although OW is working with the
USGS to improve methods to estimate flow extremes, additional research within EPA
may be needed to develop the informationto the extent needed toinform decision
making.
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Additionally, research to understand other thresholds and tipping points of importance
to water quality, such as changesin sealevel or precipitation patterns, is likely to
require advancesinresearch outside EPA. Collaboration with USGS, NOAA, and other
agencies will continue to playanimportantrole in ensuring ORD has the knowledge and
data neededtodevelopinformation about future water quality in achanging climate.

Researchisneededtounderstand the consequences of warmer surface water
temperatures onthe cost, complexity, and performance of watertreatmentrequired to
comply with National Drinking Water Standards and to optimize performance of
wastewatertreatment systems.

More researchis needed to understand the impacts of thawing permafrost on Alaskan
waterinfrastructure and approaches to adapt and prepare water systems.

More generally, researchis needed to monitorand predict changesinthe Nation’s
waters (lakes, streams, wetlands, and coastal and estuarine environments)impacted by
climate-driven changesincluding ocean acidification, sealevelrise, andincreasing
temperatures, and changing precipitation patterns. Some workis underway within ORD
to investigatethese environmental impacts. NOAA and states are doing substantial
work to evaluate changesin ocean pH, sea level, and ocean watertemperatures.
Similarly, NOAA and otheragencies are addressingissues related to loss of seaice and
associated environmental impacts. Furtherefforts by ORD may be neededinthese
areas, within the context of the National Ocean Policy Implementation Plan18 and the
coordination of federal activities by the Interagency ArcticResearch Policy Committee
(IARPC).®®

Gaps: Air Quality

Additional workis needed to better understand how climate change mayimpact PM
levels, aswell as levels of hazardous air pollutants. Otherairquality related needs
include amore complete understanding of the impacts of biogenicemissions, dust, and
wildfires onairquality. Thereisa needto continue and expandresearchrelatedto
human health impacts of changesinair quality due to climate change, assessing
increased vulnerability to air quality impacts under future climate conditions, and air
quality and health co-benefits of climate mitigation and adaptation strategies.

Limited ORDresearchis being conducted to evaluate the impacts of climate change on
stratosphericozone. Additionalwork by otheragencies (particularly NOAA) is likely to
be neededto fully evaluatetheseimpacts.

Thereisalso nowork within ORD to develop orevaluate advanced residential or
commercial ventilation technologies. There isaneedforresearchto determine new or
improved ways to enhance ventilation and health that are cost effective, energy
efficient and practical toimplement. Approaches such as vertical displacement,

18 hitp://www.whitehouse.gov//sites /default/files/national ocean_policy implementation_plan.pdf
19 https://www.whitehouse.gov/administration/eop/ostp/nstc/committees/cenrs/iarpc
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monitoring and control systems, dedicated outdoorairsystems, and automated HVAC
systems are of interest.

Although ORDis conducting some work to understand measurements and emissions of
black carbon, itis notfocused onthe contributions of troposphericozone and black
carbon to Arcticclimate change. The capabilities of otheragencies (especially NASA and
NOAA) are needed to effectively address this topic.

Gaps: Human health

Researchis neededto evaluate and quantify healthimpactsin a cost-benefit context to
inform cost-benefit analyses, although this topichas been partially addressed by
previous work related to environmental regulatory evaluation. Thereisafurtherneed
to evaluate and project changesinthe overall publichealth burden of air pollution due
to changesin baseline health aswell as the effect of changesin ozone and PM
concentrations and the occurrence of extreme air quality events on cardiovascularand
respiratory health.

Additional efforts are needed to understand the cumulative health implications of
extreme weatherevents, including exposures to materials released from contaminated
sites due to heat or floods and non-chemical stressors on health and potential
subsequent effects on chemical stressorsusceptibility. Researchinthe area of vector-
borne diseases and expanded pathogen range is also needed, although such work may
be more appropriately conducted by otheragencies such as NIEHS or CDC.

Additional topics of OAR interestinclude syntheses of STAR grants on extreme weather
and emerging diseases, and vulnerable populations. ORD could also play a role in the
HHS-EPA collaboration on health indicators, datasharing on heat mortality, and
coordination and integration of research grant topics and solicitations.

Gaps: Ecosystems and land

Researchisneededto better understand how extreme weather events and wildfires
associated with climate change canimpact contaminated sites, affect contamination
spread, and impact the ability to respond to emergency situations such as spills.
Althoughthereisresearchrelated to extremeweatherevents, thereisaneedtoextend
that work to include the effects on municipal and hazardous waste disposalsites. The
anticipated effects include directimpacts due to floods (including sealevel riseand
storm surge) and wildfires as well as secondary impacts associated with increased risk of
flooding orlandslides as a consequence of wildfire destruction of stabilizing vegetation.
In addition, extreme weather events need to be evaluated in terms of their potential to
generate storm debris and the ensuing need for debris collection and disposal.

Researchisalso neededto understand how climate change may affectassessment,

cleanup, and area-wide planningimpacts associated with green infrastructure and
brownfields.

Although workis underway to provide communities with information needed to
effectively respond to climate change through preparation, adaptation, and mitigation,
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the needforsuch informationis growing rapidly. Of particularconcern are Alaskan
native communities facingloss of cultural and natural resources due to permafrost

thawing. Additional efforts are needed to address the range of community-specific
issues, with a particular need forenvironmental justice communities.

Gaps: Mitigation and Associated Environmental Impacts

The rapidly changing regulatory context for CO, highlights the research need to
understand the capabilities and consequences of changing to low-carbon technologies
for CO, mitigation. Life cycle and systems approaches are needed to understand the
environmental consequences (positiveand negative) of application of these
technologies, andimmediate cost and performance dataneedto be evaluated and
synthesized. Current ORD workinthisareais minimal.

Researchisneededto betterunderstand the environmental impacts of proposed
mitigation strategies, which, forrenewable energy, tend to place a greateremphasis on
ecosystem changes due toland use forrenewable energy production as opposedtoa
focus on emissions from fossil-fired energy production. More informationisalso
needed regarding the effects on social systems (includinginstitutions such as EPA) to
understand and, where possible, anticipatethe pressures these changes can bringto
help ease the social transitions as well as the technological transitions.

Thereisalso a needforworkto evaluate applications of carbon capture systems for gas-
fired electricgenerating plants orto investigate advanced ventilation systems. Work
conducted by others, especially DOE, may be the more appropriate source of
informationinthese areas, depending upon the specificscope.

There are several research needs related tofilling gapsin the U.S. Greenhouse Gas
Inventory and Greenhouse Gas Reporting Program. These include: evaluation of the
efficacy/permanence of non-geologic sequestration of carbon dioxide (e.g. carbon
dioxide utilization in cement, industrial utilization of carbon dioxide) as well as
recommendations for monitoringand accounting options; non-CO, sources for the U.S.
GHG Inventory (e.g. landfills, coal mines, manure management, etc); and, fordirectand
indirect nitrous oxide emissions from agricultural soils, improving the ability to estimate
(e.g., more insitu measurements, datainputsand process modeling) and identify
opportunities to reduce emissions (in the context of other environmental benefits of
improved N fertilizer use efficiency).

The substantial effortsintechnology developmentin DOE, DOT, and industry provide
opportunities forinteractions that can provide EPA partners with the necessary
information.

Itisclear fromthislistthat the scope of work to address climate-related research needs
goes beyond the scope of any single media-focused research program. This highlights
both the cross-cutting nature of climate change and the need to address climate
impacts across ORD’s programs. While the current processinwhich ORD’s partners
communicate needed research doesidentify specificwork related to climate change,
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the process also ensures that all needs, whetheror not they are climate related, are
communicated tothe appropriate ORD research programs.

In additiontothe above gaps between needs identified by partners and current ORD
research, there are additional issues that were notidentified by partnersand need to be
consideredinalonger-termresearch context, aswell asissues that are more cross-
cuttingand needto be incorporatedinto ORD’s climate research.

Emerging Issues

The priority needs identified by ORD’s partners focus on addressing relatively near-term
environmental impacts of climate change, such asincreasesin ozone or changesin
precipitation due to heavy downpours ordrought. All of the identified needs address
the known possible impacts of climate change, but do not consider relatively
understudied, oreven unknown, impacts, some of which might be quite severe. For
example, sealevelrise thatis higherand occurs more rapidly thanindicated by the
central modeled projections. Abruptclimate change such as accelerated sealevelrise,
more rapid change of Arctic ice cover, or more severe droughtare all within the range of
possibilities, and may have significant environmental impacts. Similarly, complex,
interconnected systems may be subject to cascading failures thatemerge from
previously unknown vulnerabilities. Forexample, energy system failures during heat
waves couldincrease heat-related mortality beyond what would be expected due to
lack of air conditioning. Similarly, insufficient watersuppliesforelectricpower
generation could contribute to heat-related mortality. The current research effort does
not incorporate efforts to prepare forsuch surprises, which will becomemore likelyin
the absence of substantial, global scale mitigation efforts; and is just beginning to
develop more holisticapproaches to understanding complex, integrated systems such as
urban areas.

The impacts of climate change and our responses to minimize those impacts are also
likely toresultin unexpected orunprecedented environmental problems. The growing
interestin geoengineering, as an example, will require working with otheragencies and
institutions to understand how these approaches mightimpact water availability and
quality.

Social Sciences

There are several research needs explicitly identified by ORD’s partners that require
incorporation of social sciencesintothe ORD research portfolio, in particularimproving
community capacity to identify and apply best practices to adapt to climate change and
understandingthe factors related to disproportionate impacts of climate change to
environmental justice and Tribal communities. Although the term “social sciences”
covers a broad range of disciplines, EPA’s needs center on the complex interactions of
the social, behavioral, environmental, and biological factors thatinfluence how
individuals, communities, and organizations perceive and respond to climate-related
risks. EPA’s efforts to address environmental justice and the Agency’s responsibilities to
Tribal communities further highlightthe need to apply social sciences to more
effectively respondtothe needs of these populations. Forinstance, topics such as
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incorporatingtraditional ecological knowledge have the potential toimprove the
resilience of communities affected by climate change. Suchresearchisexpectedto
compose a small fraction of the overall ORD portfolio, but has the potential to
significantly improve the effectiveness and applicability of research results through
more effective communication of those results in ways that are tailored by the ultimate
usersto meettheirspecificneeds. While ORD’s focus on sustainable solutions has
strengthened its capabilitiesin economics and decision science, additional expertise in
areas such as organizational dynamics and sociocultural anthropology may also provide
importantinsightsinto the impacts of, and responsesto, climate change.

Uncertainty

A common thread through all of the identified research needs, whetherthey are
currently being addressed by ORD or represent gapsinthe research being conducted, is
the uncertainties associated with climate change. Although uncertaintyisinherentin
most environmentalissues, the substantially longertime periods associated with
climate change force us to considersignificant changesin environmental conditions or
changesin populations, technologies, and policies. The deep uncertainties associated
with suchlong-termand complex changes requires research approaches that account
for a range of possible, perhaps even unlikely, future conditions to adequately inform
our partners.

One approach to improve understanding of possible futuresis the use of scenarios.
Common sets of scenarios for climate forcing, such as the IPCC Representative
Concentration Pathways (RCPs),2% can enable comparison of results across programs
and with external research. Consistentscenarios forsocioeconomicvariables or
sensitivities of environmental endpoints to climate change may need to be developedin
collaboration with partners and otheragencies for ORD’s work to be as useful as
possible.

Yet while scenario-based approaches are needed, they are notadequate to understand
the critical decision points and uncertainties. New approaches and methods are needed
to inform decisionsthatare robustto potential changesintechnologies, policies, and
climate impacts. Non-probabilisticapproaches are needed, such as identifying potential
tipping points or critical conditions and then working backward to identify and evaluate
unknowns, uncertainties, and decision points. The method of robust decision makingis
one approach to address deep uncertainties, and needs further development for
applicationtoissues of relevance to EPA.

Decision-relevant Scale

There isa substantial demand forinformation at “decision-relevant scales” —i.e., the
regional orlocal scales at which decisions are often made orimplemented. Regional- or
local-scale results derived from global-scale models often indicate substantial
differencesin projected changesin annual precipitation, forinstance. Furthermore,
regulatory decisions often need highly time-resolved projection datathat varies

20 http://sedac.ipcc-data.org/ddc/ar5_scenario_process/RCPs.html
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significantly across models, evenforagiven climate change scenario. ORD should
furtherdevelop approachesto downscale global climate data, continueinteraction with
federal partners such as NASA and NOAA, and work with their EPA partners to provide
guidance regarding suitability and applicability of available datato EPA decisions.

Syntheses

There is considerable valuein developing syntheticinsights through an examination of a
body of workand communicating those findings to decision makers and the research
community. Giventhe volume of research conducted on climate change and itsimpacts
and responses, peer-reviewed syntheses that consolidate and evaluate a body of
research froman EPA perspective can support effective actions with respect to climate
change.

Prioritized Research Needs for ORD

ORD has established avenues and vehicles toidentify priority research needs and to
deliverresearch resultsin ways that also solicitfeedback toinform furtherresearchinto
the Roadmap and Strategic Research Action Plans. These avenues and communications
methods are tailored to meet the needs of each specificpartnerwho relieson ORD
research results to take action on climate change.

In additionto the partner-specificresearch needs, an efforttoidentify alimited number
(1-3) of Agency-level priority science needs was conducted as part of the EPA Climate
Adaptation Plan. This effort, led by OP and ORD, convened across-EPAwork group to
identify Agency-level priorities with afocus onissues that address needs of multiple
Offices, takinginto account the Office-specific priority needs identified above. Although
final decisions on those priorities were not availableforinclusion here, priorities
recommended by the work group were:

e Projectedimpactsonchildren’s health from climate-change-related increasesin
extreme precipitation and flooding

e Guidance onsuitability and applicability of climate dataand tools

e Developmentof anannotated reference guide on key climate datasets and tools
for use by EPA staff

e Asynthesisreportthat provides quantitative information on the costs to
communities of extreme weatherevents

Appendix Cpresents the climate-related research needs identified by OW, OAR, and
OSWER. Thelistfor OWisin priority order.

Research Directions to Inform 2016 —2019 ORD Research Planning

ORD is continually making efforts to work with Agency partners to ensure priority
research needs are being metin ways that further our climate research strategy. We
will continue towork with Agency partners to collectively consider the individual
research needsfromthe different Program and Regional offices, as well as Agency-wide
science needs forclimate adaptation. These discussions are importanttothe
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development of a research portfolio that balances meeting near-term partner needs
and longer-term climate-related research toinform EPA’s future decisions.

Although specificissues may evolve overtime, EPA’s unique nicheis likely to remain
focused onthose topics that are at the core of EPA’s strategicdirections:

Airquality impacts of climate change

Impacts of climate change on water quality, including drinking waterand surface
waterquality

Climate-driven impacts to human health

Impacts of climate change on contaminated and waste disposal sites

Climate change impacts to ecosystems, including aquatic ecosystems and
ecosystems goods and services

Environmental impacts of changing energytechnologies

As mentioned above, ORD’s future climate research needs to develop and apply
approachesthataccount for the long-term, system-wide nature of climate change
impacts, preparation, and responses. Forexample:

Uncertainty and scenarios —approaches to address the deep uncertainty
associated with future conditions impacted by climate change, technological and
economicdevelopment, policy responses, and changing demographics. Future
efforts are needed to evaluate and, whereappropriate, adopt common scenarios
consistentwith other EPA efforts. Scenarios developed by working backward
from possible future conditions to examine critical decision points may be of
particularvalue. Expanded understanding of approaches to evaluate, incorporate,
and communicate climate-related uncertainty is needed forall climate-related
research. Focused effortsto develop guidance regarding suitability and
applicability of data describing projected climateimpacts associated with different
scenarios are increasingly important.

Syntheses—greateremphasisis needed to develop syntheses of research results.
While some synthesis efforts are underway, all climate research efforts should
work toward developing syntheses of results in ways that can be used by decision
makers at all levels.

Regional-andlocal-scaleinformation —continued emphasisis needed on research
results that can be used at decision-relevant scales (regional, local, watershed).
The growing emphasis on supporting community decisions requires approaches to
develop dataandinformation atthose same scales. While much of the current
climate research does focus on these scales, there isaneedtotranslate results
intoinformation that helps decision makers understand the magnitude, timing,
and uncertainties of expected changes.

Two additional topics key to achieving EPA’s mission need greater emphasis: social
sciences andtechnologies. These two topics are, in some ways, more focused than the
above discussion of approaches:
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e Social sciences—a greaterunderstandingis needed regarding how individuals,
institutions, and othersocial systems respond to climate change, impacts, and
responses. Much of the discussion regardingincorporation of social sciences has
been focused on economics and behavioraland decision science. Although these
areas of expertiseare important to climate change, itis equallyimportant to
engage a widerrange of social science disciplines. Questions concerningimpacts
to cultural resources; understanding of organizational structure and dynamics,
particularly under conditions of significant change; and evaluations of community
networks and relationships are some of the social science issues that are
appropriate forincludingin climate-related research. Given the scarcity of social
science expertise within ORD, it will be necessary torely upon external expertise
to provide guidance on best approachesto building social science capacity.

e Technologies—EPA’s expanding efforts to reduce GHG emissions have not been
matched by similarincreasesin research to understand the environmental
impacts of mitigation approaches. Expanded use of natural gas and biofuels
representtwo examples of changesintechnology that have considerable
potential forreducing GHGemissions butalso have resultedin significant
concerns (at a minimum) regarding their environmentalimpacts, forexample,
impairments to water quality and quantity, increased nutrient and pesticide use,
and reduced biodiversity. Similarly, some types of green energy technologies
require avariety of metals, including rare earth elements used for wind turbines,
solar panels, batteries and other products, that require consideration of mining
impacts. Asenergy production and use technologies change, ORD needs to
expandits ability to understand what changes are likely to occur and how those
changes will affecthuman health and the environment.

VI. Summary

ORD's research that addresses climate change, itsimpacts, and approaches to respond
through preparation, adaptation, and mitigation have evolved into a more cohesive
and coherent whole since the restructuring of ORD's research programs in FY2012. This
evolution hasinvolved substantial and on-goinginteractions between ORD and the
Regional and Program Offices who apply the research results to achieve the Agency's
mission. The development of the Climate Change Research Roadmap hasincorporated
the information gained from theseinteractions to produce an ORD-wide view of
climate research needed by EPA's regulatory and implementation efforts.

Climate change has become amore visibleand ubiquitous component of the research
needsidentified by ORD's partners across the six national research programs. The
activitiestorevise the StrategicResearch Action Plans have informed, and been
informed by, the development of the current Climate Change Research Roadmap.
Combined withthe understanding of the climate-related research needs, the Roadmap
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provides across-ORDview of research needs and activities that allows research to be
identified, prioritized, planned, conducted, and communicatedinanincreasingly
coherentway. Despite the diverse research needs of ORD's partners, there are growing
opportunities forintegration across the national research programs. The roadmap has
identified afew of the existingintegration activities, and provides the framework for
integrating future climateresearch within and across program boundaries.

The interactions between ORD and its EPA partners, with direct guidance from advisory
bodies suchas the BOSCand SAB and indirect guidance from the NRCand otherexpert
groups, have identified several researchissues that extend the potential scope of
ORD's climate research portfolio. Social sciences, alternative approaches to describing
possible future conditions, translation of research results to facilitate theirapplication,
and a greateremphasis on technological systems pose arange of challenges to, and
provide opportunitiesfor ORDand its EPA partners. Addressing these emergingissues
will require investment of scarce resources needed to address the substantial and
growingarray of near-term needs, and also holds the potentialto enable proactive
response to mid- to long-term problems. Finding the appropriate balance between
immediate and longertermissues has always been, and will continueto be, a challenge
for ORD and its EPA partners.

These, and other challengesthat will arise in the comingyears, can only be effectively
addressedif the interactions across EPA continue to expand and mature. The value of
thisroadmapis lessinthe descriptions of issues, lists of needs, and outlines of research
activitiesthaninthe discussions, improving understanding, and deepening
relationships behind the text. To the extent theseinteractions remain active, the
roadmap as a guide will be dynamicand responsive even as the text remains static.
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Appendix A. Abbreviations and Acronyms

ACE Air, Climate, and Energy Research Program (within ORD)
AQRS AirQuality Research Subcommittee (within CENRS)
BOSC Board of Scientific Counselors

CENRS Committee on Environment, Natural Resources, and Sustainability
CMAQ Community Multiscale Air Quality model

Cco, carbon dioxide

CSS Chemical Safety for Sustainability (ORD)

DOE Department of Energy

DOl Departmentof the Interior

DOS Department of State

EJ Environmental Justice

EPA Environmental Protection Agency

GACC Global Alliance for Clean Cookstoves

GHG Greenhouse gas

GWP Global warming potential

HHRA Human Health Risk Assessment (ORD)

HSR Homeland Security Research Program (ORD)

IPCC Intergovernmental Panel on Climate Change

IWG Interagency working group

MSA Multipollutant Science Assessment

NAAQS National Ambient Air Quality Standards

NASA National Aeronautics and Space Administration
NOAA National Oceanicand Atmospheric Administration
NRP National Research Program

NRC National Research Council

NSF National Science Foundation

NOx nitrogen oxides

NWP National Water Program

OCSPP Office of Chemical Safety and Pollution Prevention (within EPA)
OAP Office of Atmospheric Programs (OAR)

OAR Office of Airand Radiation (EPA)

OHS Office of Homeland Security (EPA)

ORD Office of Research and Development (EPA)

0sC Office of Sustainable Communities (EPA)

OSWER Office of Solid Waste and Emergency Response (EPA)
ow Office of Water (EPA)

PCAP President’s Climate Action Plan

PM particulate matter

RARE Regional Applied Research Effort

RCP Representative Concentration Pathways

RFA RequestforAssistance

SAB Science Advisory Board
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SHC
SO,
SSWR
STAR
StRAP
SWAQ
USDA
USGCRP
USGS
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Subcommittee on Disaster Reduction (CENRS)

Sustainable and Healthy Communities Research Program (ORD)
sulfurdioxide

Safe and Sustainable Water Resources Research Program (ORD)
Science to Achieve Results (ORD)

StrategicResearch Action Plan

Subcommittee on Water Availability and Quality (CENRS)

U.S. Department of Agriculture

U.S. Global Change Research Program

U.S. Geological Survey
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Appendix B. Climate-Related Research Projects

Table B1. ORD projects with climate-relevant research.

Project Number

Title

ACE4.01 Climate Change Impacts, Vulnerability and Adaptation: Climate Impacts on
Human Health, Air Quality, and Ecosystems

ACE 4.02 Climate Change Impacts, Vulnerability and Adaptation--Watersheds, Water
Quality and Ecosystems

ACE4.03 Climate Change Impacts, Vulnerability and Adaptation: Systems-based
ApproachesforSustainable Solutions

ACE5.01 Emissions and Measurements for Informing Policy Decisions

ACE 5.02 Improving Emissions Inventories Using Measurements and Models

ACE5.03 Changingthe Paradigm for Air Pollution Monitoring

ACE6.01 Atmosphericand Integrated Modeling Systems: Multiscale, Multipollutant Air
Quality Modeling

ACE 6.02 Atmosphericand Integrated Modeling Systems: Integrated Multimedia, Multi-
stressor Systems Model Development

ACE7.01 Local and Regional Characteristics Influencing Public Health Impacts of Air
Pollutionin Healthy and At-Risk Populations

ACE7.03 Protecting Environmental PublicHealth and Well-being: Air Pollution and its
Impacts on Ecosystems and Wellbeing

ACE 8.01 Sustainable Energy and Mitigation: Systems, Scenarios, and Life Cycles

ACE 8.02 Sustainable Energy and Mitigation: Energy Extraction, Production, and Delivery

ACE 8.03 Sustainable Energy and Mitigation: End-Use Impacts

HSR 4.01 Innovative Design and Management of Drinking Water Systems of the Future

SHC 1.62 EnviroAtlas

SHC 1.63 Environmental Workforce and Innovation (EWI)

SHC 2.61 Community-Based Final Ecosystem Goods and Services

SHC 2.62 Community PublicHealth & Well-being

SHC 2.63 Assessing Environmental Health Disparities in Vulnerable Groups

SHC 2.64 Indicators, Indices and the Report onthe Environment

SHC 3.61 Contaminated Sites

SHC 3.62 Environmental Releases of Oils and Fuels

SHC 3.63 Sustainable Materials Management

SHC 4.61 Integrated Solutions for Sustainable Communities

SSWR 3.01 Watershed Sustainability: Assess, map, and predict the integrity, resilience, and
recovery potential of the Nation’s waterresources

SSWR 3.03 Watershed Sustainability: Protecting water while developing energy and mineral
resources

SSWR 4.01 Nutrients: Reducing Impacts of Harmful Algal Blooms

SSWR 4.02 Nutrients: Science to Inform the Development of Nutrient Thresholds and
Targeting Actions

SSWR 4.03 Nutrients: Science to Improve Nutrient Management Practices, Metrics of

Benefits, Accountabilityand Communication
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SSWR 5.01 Green Infrastructure: Models and Tools

SSWR 5.02 Green Infrastructure: Information and Guidance through Community Partnerships
SSWR 6.01 Current Systems and Regulatory Support

SSWR 6.02 Next Step: Technology Advances

SSWR 6.03 Transformative approaches andtechnologies for water systems
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Appendix C. Research Needs

The table below shows the climate-related research needs identified by OAR, OSWER, OW, and Regional Offices. Regional Offices also
contributed to development of the needs identified by OARand OW.

Table C1. Research needs identified by partners and how those needs are being addressed inthe ORD programs.

Partner Need Response
ow (Priority 1) Energy Efficient Nutrient Removal: Affordable and SSWR 6.02: Next Step: Technology Advances
effectivetechnologies to retrofit existing types of municipal
wastewatertreatment systems for nutrient removal to achieve
ecoregion-based reference criteria.
ow (Priority 2) Pathogens: Whatis the capability of existing SSWR 6.01: Current Systems and Regulatory Support
treatmenttechnologiesin wastewaterand drinking water
treatmentfacilities to control and treat the typesand
populations of pathogens associated with the warmer water
temperatures expected toresultfromachanging climate?
ow (Priorities 3and 4) Temperature and Flow: Revise flow, ACE 6.02: Atmosphericand Integrated Modeling Systems:
temperature and precipitation interpretive statistics foruse in Integrated Multimedia, Multi-stressor Systems Model
CWA programs. Development
ACE 4.02: Climate Change Impacts, Vulnerability and
Evaluate vulnerability of designated uses towarmerwatersand | Adaptation--Watersheds, Water Quality and Ecosystems
low streamflows due to achanging climate.
ow (Priority 5) Decision Support: OW Climate Workgroup Priority Addressed by OW and USGS
#4: Optionstoimprove 7Q10 streamflow estimation with
modeled projections of streamflow to reflect low flow
conditions expected during terms of and NPDES permit or TMDL.
ow (Priority 6) Water Supply Management: Identify watersheds Notcurrently addressed
where community water systems may be atrisk of long-term
shortfallsin supply as a result of climate change and other
factors.
ow (Priority 7) Sealevel rise and storm surge: Projected impact of ACE 4.01: Climate Change Impacts, Vulnerability and Adaptation:

changesinsealevelsandstormsurges on coastal wetland area
and function across the country. Which coastal and estuarine

Climate Impacts on Human Health, Air Quality, and Ecosystems
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wetlands are at risk of damage, what ecosystem services do they
provide, at whatrate are the services expected todegrade?

SSWR 3.01: Watershed Sustainability: Assess, map, and predict
the integrity, resilience, and recovery potential of the Nation’s
waterresources

ow

(Priority 8) Water Reuse: Guidelines for "acceptable" drinking
watertreatment plant source water quality to serve as a target
for alternative sources such as reclaimed wastewater effluents,
harvested stormwater, produced water, etc.

SSWR 6.03: Transformative approaches and technologies for
watersystems

ow

(Priority 8) Drinking Water: Consequences of warmer water
temperatures for compliance with National Drinking Water
Standards. To what extent will expected changestothe
condition of surface waters from warming watertemperatures
make treatment needed to comply with drinking water
standards more complex and costly or resultinlower
compliance rates?

SSWR 6.01: Current Systems and Regulatory Support

ow

(Priorities 8and 9) Harmful Algal Blooms (HABs): relationship of
increased airtemperature to watertemperature, and effects of
increased watertemperatureon incidence of HABs
(volume/unittime; change in efficiency to produce cyanotoxins;
human toxicity of cyanotoxins)

Identify expected changesin HABs under warmer water
temperatures expected as a result of climate change.

SSWR 4.01: Nutrients: Reducing Impacts of Harmful Algal
Blooms

ow

(Priority 10) Indicators of Changesin Water Temp and Estuarine
& Coastal Acidification: Metrics for establishingabaseline for
measurement of long-termtrends in estuarine and coastal
watertemperature and other parameters (pH, total alkalinity,
PCO2, dissolvedinorganiccarbon, DOC, and DO)

ACE 4.02: Climate Change Impacts, Vulnerability and
Adaptation--Watersheds, Water Quality and Ecosystems
SSWR 4.02: Nutrients: Science to Inform the Development of
Nutrient Thresholds and Targeting Actions

ow

(Priority 11) Watersheds at Risk: Identify watersheds with
greatestrisk of increased pollution loading as a result of climate
and otherstressors. Models thatintegrate hydrology, land
cover, air quality, and economics forassessmentand
comparison of climate change mitigation and adaptation policies
for decision makers; Tools to prioritize response actions for
wetland protection and restoration.

ACE 4.02: Climate Change Impacts, Vulnerability and
Adaptation--Watersheds, Water Quality and Ecosystems

ACE 4.01: Climate Change Impacts, Vulnerability and Adaptation:
Climate Impacts on Human Health, Air Quality, and Ecosystems
ACE 6.02: Atmosphericand Integrated Modeling Systems:
Integrated Multimedia, Multi-stressor Systems Model
Development
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SSWR 3.01: Watershed Sustainability: Assess, map, and predict
the integrity, resilience, and recovery potential of the Nation’s
waterresources

ow (Priority 12) Monitoring: identify parametersand methods to SSWR 3.01: Watershed Sustainability: Assess, map, and predict
monitoras indicators of impacts due to climate change; the integrity, resilience, and recovery potential of the Nation’s
methods to identify tipping points and thresholds. water resources
ACE 4.02: Climate Change Impacts, Vulnerability and
Adaptation--Watersheds, Water Quality and Ecosystems
OAR Quantification of climateimpacts (human health, air quality, ORD participationininteragency climate-health assessment
ecosystemsinthe U.S.) ACE 4.01: Climate Change Impacts, Vulnerability and Adaptation:
Climate Impacts on Human Health, Air Quality, and Ecosystems
ACE 7.01: Local and Regional Characteristics Influencing Public
Health Impacts of Air Pollutionin Healthy and At-Risk
Populations
OAR Scientificcontributions to National Climate Assessment (NCA) ORD participationininteragency climate-health assessment
Special Report on climate change/health and support for EPA-
HHS collaboration
OAR Investigation of the linkages between air quality and climate ACE 4.01: Climate Change Impacts, Vulnerability and Adaptation:
change Climate Impacts on Human Health, Air Quality, and Ecosystems
ACE 6.01: Atmosphericand Integrated Modeling Systems:
Multiscale, Multipollutant Air Quality Modeling
ACE 6.02: Atmosphericand Integrated Modeling Systems:
Integrated Multimedia, Multi-stressor Systems Model
Development
OAR Research/modeling atmospherictransport of black carbon, ACE 4.03: Climate Change Impacts, Vulnerability and Adaptation:
otherSLCFs and the role of BC as a climate forcer Systems-based Approaches for Sustainable Solutions
ACE 4.01: Climate Change Impacts, Vulnerability and Adaptation:
Climate Impacts on Human Health, Air Quality, and Ecosystems
OAR Laboratory testing of cookstove performance and emissions ACE 8.03: Sustainable Energy and Mitigation: End-Use Impacts
OAR “Energy paradox” research that addresses consumeror ACE 8.01: Sustainable Energy and Mitigation: Systems,

producer behaviorregarding energy-saving technologies

Scenarios, and Life Cycles
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OAR Research to support OAR’s emerging adaptation priorities: Air quality modelingaddressed under:
Airquality modeling thatincorporates climate impacts ACE 6.01: Atmosphericand Integrated Modeling Systems:
Improved understanding of interactions between climate Multiscale, Multipollutant Air Quality Modeling
change and atmosphericdeposition and resultingimpactson | ACE 6.02: Atmosphericand Integrated Modeling Systems:
ecosystems and ecosystem services Integrated Multimedia, Multi-stressor Systems Model
Effects of climate change on stratosphericozone Development
Climate change impacts on ecosystems addressed under:
ACE 4.02: Climate Change Impacts, Vulnerability and Adaptation-
-Watersheds, Water Quality and Ecosystems
ACE 4.03: Climate Change Impacts, Vulnerability and Adaptation:
Systems-based Approaches for Sustainable Solutions
ACE 6.02: Atmosphericand Integrated Modeling Systems:
Integrated Multimedia, Multi-stressor Systems Model
Development
SSWR 4.03: Nutrients: Science to Improve Nutrient Management
Practices, Metrics of Benefits, Accountability and
Communication
Impacts on stratosphericozone not currently addressed
OAR Residential and commercial buildings advanced mechanical Notcurrently addressed
ventilation
Regions | Fire emissions contributionto O3, PM2.5, GHGs, and Haze ACE 4.01: Climate Change Impacts, Vulnerability and Adaptation:
(Regions 8and 10) Climate Impacts on Human Health, Air Quality, and Ecosystems
ACE 5.02: Improving Emissions Inventories Using Measurements
and Models
ACE 5.03: Changingthe Paradigm for AirPollution Monitoring
OAR Climate change impacts on particulate matter (e.g. wildfire, ACE 4.01: Climate Change Impacts, Vulnerability and Adaptation:
dust) Climate Impacts on Human Health, Air Quality, and Ecosystems
OAR Mitigation technology synthesis papers and/orassessments ACE 8.02: Sustainable Energy and Mitigation: Energy Extraction,
Production, and Delivery
OAR Understanding the impacts of climate change on health effects | ACE 4.01: Climate Change Impacts, Vulnerability and Adaptation:

from exposure toair pollution

Climate Impacts on Human Health, Air Quality, and Ecosystems
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OAR Evaluation of the efficacy/permanence of non-geologic Notcurrently addressed.
sequestration of carbon dioxide (e.g. carbon dioxide utilization
incement, industrial utilization of carbon dioxide) as well as
recommendations for monitoring and accounting options.

OAR Non-CO, sources forthe U.S. GHG Inventory (e.g. landfills, coal Landfill emissions addressed under ACE 5.01: Emissions and
mines, manure management, etc) Measurements for Informing Policy Decisions

Othertopics not currently addressed.

OAR For directand indirect nitrous oxide emissions from agricultural | ACE7.03: AirPollutionandits Impacts on Ecosystemsand
soils, improvingthe abilityto estimate (e.g., moreinsitu Wellbeing
measurements, datainputs and process modeling) and identify
opportunities to reduce emissions (in the context of other
environmental benefits ofimproved N fertilizer use efficiency).

OAR Improve community’s capacity to understand and take effective | SHC 2.62: Community PublicHealth & Well-being
actionto address harmful environmentalimpactsin their
community

OAR Understand interactions between social, behavioral, SHC 2.63: Assessing Environmental Health Disparitiesin
environmental, and biologicalfactors for EJ and Tribal Vulnerable Groups
communities who are disproportionately impacted.

OSWER | To what extentwillrisingsealevels and floodingandinundation | ACE 4.01: Climate Change Impacts, Vulnerability and Adaptation:
from more intense and frequent storms lead to contaminant Climate Impacts on Human Health, Air Quality, and Ecosystems
releasesthrough surface soils, groundwater, surface waters, ACE 4.03: Climate Change Impacts, Vulnerability and Adaptation:
sediments,and/or coastal waters at OSWER sites? Systems-based Approaches for Sustainable Solutions

SSWR 3.01: Watershed Sustainability: Assess, map, and predict
the integrity, resilience, and recovery potential of the Nation’s
waterresources

OSWER How will more powerful storms resulting from climate change ACE 4.01: Climate Change Impacts, Vulnerability and Adaptation:
affectstorm debristhatwill need to be appropriately managed? | Climate Impacts on Human Health, Air Quality, and Ecosystems

ACE 4.03: Climate Change Impacts, Vulnerability and Adaptation:
Systems-based Approaches for Sustainable Solutions

SSWR 3.01: Watershed Sustainability: Assess, map, and predict
the integrity, resilience, and recovery potential of the Nation’s
waterresources

OSWER What are the impacts of increased temperature on SHC 3.61: Contaminated Sites

revolatilization of hazardous materials?
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OSWER How could wildfires at contaminated sites promote the spread Not currently addressed
of contamination orimpact remedies? How could wildfiresin
the upland areas above contaminated sites reduce vegetative
cover, therebyincreasing surface water runoff and resultingin
catastrophicfloodingthat spreads contamination orimpacts
remedies?
OSWER | How willthe frequency and magnitude of natural disasters ACE 4.01: Climate Change Impacts, Vulnerability and Adaptation:
affectthe ability of emergency response efforts directed outof | Climate Impacts on Human Health, Air Quality, and Ecosystems
OSWER? SSWR 3.01: Watershed Sustainability: Assess, map, and predict
the integrity, resilience, and recovery potential of the Nation’s
waterresources
OSWER Life cycle assessments related to materials management SHC 3.63: Sustainable Materials Management
OSWER Emerging biofuels need to be evaluated with respect to their SHC 3.62: Environmental Releases of Qils and Fuels
compatibility with and impacts on the existing fuel storage and
dispensing equipment. Ensuring new fuels being developed are
compatible with existing infrastructure and can be stored safely
will help protect groundwater supplies from contamination by
failed underground storage tanks
OSWER What are the assessment, cleanup, and area-wide planning ACE 4.03: Climate Change Impacts, Vulnerability and Adaptation:
impacts associated with greeninfrastructureand brownfields? Systems-based Approaches for Sustainable Solutions
OSWER | Modelsare needed that can downscale the effects of climate ACE 4.01: Climate Change Impacts, Vulnerability and Adaptation:
change to a local or community level Climate Impacts on Human Health, Air Quality, and Ecosystems
ACE 4.03: Climate Change Impacts, Vulnerability and Adaptation:
Systems-based Approaches for Sustainable Solutions
SSWR 3.01: Watershed Sustainability: Assess, map, and predict
the integrity, resilience, and recovery potential of the Nation’s
waterresources
OSWER Need to evaluate the cumulative health effects of climate Not currently addressed
change (e.g. the non-chemical stressors that people deal with
aftera stormand how it impacts theirsusceptibility to chemical
stressors)
OSWER What are best practices for communitiesto adaptand mitigate | SHC 4.61: Integrated Solutions for Sustainable Communities

climate change?
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Region4

Needimproved understanding of the impacts of sealevelrise,
includingimpacts to coastal ecosystems and effects on storm
surge and saltwaterintrusion.

ACE 4.02: Climate Change Impacts, Vulnerability and Adaptation-
-Watersheds, Water Quality and Ecosystems

ACE 4.03: Climate Change Impacts, Vulnerability and Adaptation:

Systems-based Approaches for Sustainable Solutions

Saltwaterintrusionis notaddressed.

Region Betterunderstand the extent of the problems and impacts Notcurrently addressed
10 associated with coastal erosion from melting seaice, and
strategies forcommunities to adapt to the meltingseaice
Region Betterunderstand the extent of permafrost thawingand Not currently addressed
10 impacts on tribal cultural and natural resources, and impacts on,
and strategies to adapt, waterinfrastructure due to permafrost
thawing
Region Need to understand the impacts of climate change on SHC 2.63: Assessing Environmental Health Disparitiesin
10 environmental justice and Tribal communities, including the Vulnerable Groups

needtounderstand how toincorporate traditional ecological
knowledge into evaluation of impacts and development of
adaptation strategies
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Appendix D. EPA Participation in USGCRP Working Groups

The table below shows the number of ORD and other EPA staff participatingininteragency working
groups (IWGs) of the U.S. Global Change Research Program. In addition to IWG participation, EPA also
has one staff memberon detail as the Deputy Director of USGCRP and one staff memberservingasthe
EPA Principal tothe Subcommittee on Global Change Research.

USGCRP Working Group ORD Staff Other EPA Staff
Adaptation Science Interagency Working Group 1 4
Carbon Cycle Interagency Working Group 1 0
Coordinating Group on Scenarios and Interpretive Science 1 1
Education Interagency Working Group 0 0
Global Change Information System Interagency Coordination 0 0
Indicators Working Group 1 0
Integrated Observations Interagency Working Group 1 0
Interagency Crosscutting Group on Climate Change and 2 3
Human Health

Interagency Group on Integrative Modeling 1 1
Interagency National Climate Assessment Working Group 1 1
International Research and Cooperation Interagency 0 1
Working Group

Process Research Coordinating Committee 1 0
Social Sciences Coordinating Committee 0 1
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