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TMDL Total Maximum Daily Load 
USGS U.S. Geological Survey 



INTRODUCTION 

The U.S. Environmental Protection Agency (EPA) Board of Scientific Counselors (BOSC) provides advice 
and recommendations to EPA's Office of Research and Development (ORD) on technical and management 
issues related to its research programs. It is one of several Federal Advisory Committees that provide 
advice to EPA, and it specifically focuses on the evaluation of the science conducted internally by ORD to 
support their mission. 

In January 2015 the BOSC and the EPA Science Advisory Board (SAB) presented the EPA Administrator 
with a joint assessment of the strategic directions of the Agency’s research and preliminary reviews of the 
Strategic Research Action Plans (StRAPs) of the national research programs. The research programs then 
revised their StRAPs in response to this joint report. 

The BOSC was rechartered in 2014 to consist of an Executive Committee that oversees five subcommittees 
devoted to each of the national research programs (part of the Human Health Risk Assessment program 
is reviewed in conjunction with the Chemical Safety for Sustainability program). Over the last six months, 
each of the subcommittees met with ORD senior staff, and the respective National Program Director 
(NPD), and scientists for the relevant research area. They reviewed the revised StRAPs and responded to 
a series of Charge Questions provided by ORD. The Charge Questions were high-level questions to elicit 
feedback on the program’s research direction and focus, and on the effectiveness of the programs in 
engaging partners and stakeholders at the appropriate time in the research cycle. There were five Charge 
Questions in common across the subcommittees, and several program-specific Charge Questions unique 
to each subcommittee. 

The BOSC Executive Committee met in Washington, DC on December 8-10, 2015 to review, summarize 
and synthesize the five subcommittee draft reports. Certain “common threads” emerged from  the 
subcommittee reports, and they are presented here along with the summaries of the subcommittee 
reports. The full subcommittee reports are attached to this report as appendices. In addition, the BOSC 
Executive Committee reviewed the draft Roadmaps for two of the cross-cutting ORD programs, Climate 
Change Research and Environmental Justice Research. The other two cross-cutting programs, Integrated 
Nitrogen and Children’s Health, were reviewed in a previous BOSC report. The assessments of these 
programs, and answers to Charge Questions from ORD, are provided in this report. 

This report represents the final stage of BOSC review of the planning process that ORD has undergone 
since its reorganization of its science enterprise into a matrix of six national programs that are 
implemented by ORD scientific staff across its laboratories. BOSC will turn its attention to reviewing and 
evaluating the implementation of its StRAPs and Roadmaps in the future. 

REVIEW OF NATIONAL RESEARCH PROGRAM STRAPS 

Introduction 

The BOSC subcommittees were constituted to provide targeted review and assessment of ORD’s national 
research programs. The subcommittees correspond to the research programs, and include 
subcommittees on Homeland Security (HSRP); Air, Climate and Energy (ACE), Chemical Safety for 
Sustainability  (CSS),  Sustainable  and  Healthy  Communities  (SHC),  and  Safe  and  Sustainable  Water 
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Resources (SSWR). The research, non-service aspects of Human Health Risk Assessment (HHRA) are also 
reviewed by the CSS subcommittee. Because they are a small piece of the overall HHRA program, it was 
decided that their review could be done more efficiently in conjunction with CSS. Each subcommittee was 
populated with 7-12 professionals with a range of expertise and backgrounds. 

Each subcommittee met with senior ORD staff, the NPD, and scientific staff from their corresponding 
national program. They responded to a series of Charge Questions provided by ORD, based on their 
meeting and supporting documentation including the revised StRAP. The final subcommittee reports in 
full form are in the Appendices of this report. Summaries of the important points and key 
recommendations from these reports are provided below. 

In general, the subcommittees found that the StRAPs are effective planning documents. The research 
programs are all on target with their strategic goals, and they have a high likelihood of achieving these 
goals in the timeframe that was laid out. The BOSC Executive Committee, in reviewing the StRAPs and the 
subcommittee reports, would like to commend the senior leadership of ORD and the NPDs for having 
moved so quickly to the newly organized matrix model that ORD has embraced. The BOSC Executive 
Committee also notes that the StRAPs represent a much greater degree of integration across the various 
research areas, reducing the “silo” effect as was intended. 

The BOSC Executive Committee, in reviewing the subcommittee reports, found that observations or 
recommendations emerged that were common to most or all of the subcommittee reports. These have 
been provided below, prior to the summary recommendations of each subcommittee report. 

The subcommittee summaries highlight recommendations specific to their corresponding research 
programs. The subcommittee recommendations that were common across programs are not repeated, 
but are found in “Common Threads”, below. 

Common Threads Across Research Programs: Observations and Recommendations 

The recommendations below were common across several or all of the research programs, indicating that 
they may of particular interest to ORD to address as a whole. The BOSC recommends that ORD should: 

1. Clearly define what is meant by “partners”, “stakeholders”, and “(end-) users”. These definitions (but
not the actual entities) should be consistent across the research programs and used consistently in all
written documents, including the StRAPs.

EPA Response: EPA agrees with the BOSC and recognizes the need for a consistent foundation of terms
used across the research programs. In general, the following terms have been defined as such:

• Partners – these are the operational offices within EPA, such as the Office of Water (OW) and
the Office of Air and Radiation (OAR). This also includes the ten Regional Offices. They can also
be known as “Program partners” or “Program Office partners.”

• Stakeholders – these are entities external to EPA. They may include other federal government
agencies, state and local governments, non-governmental organizations, industry, and the
public. These organizations are potentially impacted by the results of ORD research and thus
have an interest in our research strategies and outcomes.

• (End-) users – these are the people and organizations that use our research to carry out
decisions and/or inform their understanding of a particular issue. Partners and stakeholders
can be end-users as well.
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2. Identify the specific partners and others (see above), and clearly document the process used to
engage them in each part of the research process, for each of the research programs. For instance,
certain partners should be engaged in problem formulation, and others may more appropriately be
engaged in research planning or implementation. A table that has partners, stakeholders, etc. and
their roles at each of the stages of the research cycle would be instructive and assist in planning.
Finally, ORD should develop measures to evaluate the effectiveness of these engagements. The BOSC
offers its participation and assistance in developing such measures for ORD.

EPA Response: EPA appreciates the BOSC’s comments on the need for a clear and documented process 
for engagement with partners and stakeholders. In ORD’s continued efforts to strengthen partnerships 
with our Program and Regional Office partners, each National Research Program (NRP) is developing
Partner Alliance and Coordination Teams (PACTs) comprised of representatives from around the
Agency. The primary objective of the PACTs is to facilitate more continual and two-way communication 
between ORD and our partners. We anticipate that PACTs will complement our existing research
planning process while encouraging deeper engagement on scientific issues and exploration of
opportunities for increased coordination and collaboration. While the overarching goal and objective
of PACTs are consistent across research programs, each program is at a different point in the
implementation process, and how each is implemented may be variable across programs. We will work 
closely with our partners to determine that the appropriate partners are engaged at each stage of the
research planning cycle. Further information on how we plan to engage with our partners and
stakeholders is provided in Common Thread #5. For a listing of partners, stakeholders, and users and
their roles at each stage of the research cycle, please see the table on the following page. We look
forward to working with the BOSC on developing measures to assess the effectiveness of our partner
engagement strategy.

3. Develop measures of success for outputs and outcomes for each program area. This includes both
quantitative indicators and qualitative information. These indicators should be easily measurable,
track progress closely, and widely accepted by EPA, partners, stakeholders, and the decision makers.
Collectively, the indicators should be comprehensive; that is, all important outputs should be captured
by an indicator.

 EPA Response: EPA agrees that metrics should be developed in order to evaluate the success of StRAP
outputs and outcomes. ORD is currently looking into several scientifically-focused social media
platforms (e.g., ResearchGate, ORCiD, and KUDOS)1 that can both amplify work and possibly measure
the impact of our research. Another indication is the number of research outputs that are submitted
to the Immediate Office of the Assistant Administrator in ORD (IOAA), as part of our Advanced
Notification process to highlight high impact, high visibility work. These are products that may be on
a topic of active regulatory review or may impact pending regulation and therefore may be a priority
for our partners, or have significant current stakeholder and/or public interest. While quantitative, the
usual metric of publication citations may not be comprehensive enough to capture the impact of all
outputs. For example, these standard metrics may not capture efforts in community engagement that
may provide a more appropriate measure of success. In these areas, we especially appreciate the
BOSC’s willingness to assist us in developing some possible metrics and have therefore tentatively
scheduled two meetings in 2017 (one with CSS and another with SSWR) that will solely focus on this
topic. It is important to EPA that we go beyond bibliometrics and begin to identify indicators that
include impact, to capture the success of our outputs and outcomes.

1 https://www.researchgate.net/; http://orcid.org/; https://www.growkudos.com/ 
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Common Thread #2: Partner and Stakeholder Engagement Table

8/17/2016

ACE SSWR CSS HHRA SHC HS
StRAP Development, Identification of Needs, and Prioritization

Partner

Air Quality Issues - OAR, OECA, Regional 
Offices  Energy & Climate - OW, OECA, 

OAR, OLEM, Regions        Planning & 
Comms  - OAR, OW, OP, OCHP, Regional 

Offices OW, OP, OAR, Regional Offices
OCSPP, OCHP, OP, OSA, OLEM, OW, 

Regional Offices
OAR, OCSPP, OCHP, OEJ, OP, OSA, OLEM, 

OW, Regional Offices
OLEM, OW, OP, OCHP, OITA, OAR, 

Regional Offices
OW, OLEM, Regional Offices, OCSPP, 

OAR, Utilities

Stakeholder

We have interacted with many 
stakeholders (private sector and 
academic) whose interests were 

incorporated into the thinking behind 
how information and technology will 

impact them and what they do. We did 
not specifically involve them in StRAP 

development.  For Identification of 
Needs, SAB, BOSC, SAB, BOSC, CENRS, 

USGCRP, local air districts, communities 
(sensor needs)

SAB, BOSC, CENRS, Nature 
Conservancy, Global Water 

Research Coalition, Environment 
Canada, Water Research 

Foundation, Water Environment 
and Reuse Foundation 

States; industry associations (ACC), NGO 
communities, academics and 

researchers, scientific societies; SAB, 
BOSC, NAS, GAO, Federal Collaborators, 
including (NIH, DOD, DOE, FWS, USGS, 

CPSC, FDA, NSF, National 
Nanotechnology Initiative, Tox21), 

Europeans Chemical Agency, OECD, 
Health Canada

SAB, BOSC, CASAC, ATSDR, CDCP, CPSC, 
DOD, DOL, FDA, HHS, GAO, NAS, NIEHS, 

NIOSH, USACE, USDA, WHO, Tox21, 
Europeans Chemical Agency, OECD, 

Health Canada, Alliance for Risk 
Assessment, Environmental Defense 

Fund, ILSI HESI, NRDC, State/Local Toxics 
Control Agencies or Depts. of 

Environmental Quality / Protection (e.g., 
Cal EPA, Texas Commission on 
Environmental Quality, TCEQ), 

international scientific / academic 
community

SAB, BOSC, CENRS, NIH, Communities, 
ICLEI USA (Local Governments for 

Sustainability), USDN (Urban 
Sustainability Directors Network), 

EcoDistricts, Urban Land Institute, Smart 
Growth America, National Congress of 

American Indians, National Association of 
Regional Councils, American Planning 

Association, STAR Communities SAB, BOSC, DOD, HHS, OSTP, DOI, DHS

End-User

Air Quality Issues - OAR, OECA, Regional 
Offices  Energy & Climate - OW, OECA, 

OAR, OLEM, Regions        Planning & 
Comms  - OAR, OW, OP, OCHP, Regional 

Offices;  ECOS/ERIS, ITRC

ECOS/ERIS, ITRC, National 
Association of Clean Water 

Agencies, Association of State 
Drinking Water Administrators, 

Water Research Foundation, 
Water Environment and Reuse 

Foundation, UN Project on 
International Nitrogen 
Management System

OCSPP, OW, OLEM, Regional Offices, 
OCHP; State agencies; industry 

associations, like ACC; NGO communities; 
Academics and Researchers; Scientific 

societies

OAR, OCSPP, OCHP, OEJ, OP, OSA, OLEM, 
OW, Regional Offices, ATSDR, NIEHS, 

NIOSH, DOD, FDA, CPSC, USACE, USDA, 
WHO, State/Local Toxics Control 

Agencies or Depts. of Environmental 
Quality/Protection (e.g., Cal EPA, Texas 
Commission on Environmental Quality, 

TCEQ), International governing and 
scientific / academic community

ECOS/ERIS, ITRC, ICLEI - Local 
Government for Sustainability, 

Urban Land Institute, Health 
Impact Project

OSCs, Regional Offices, OLEM, 
OAR, OW, OCSPP

Problem Formulation

Partner

Air Quality Issues - OAR, OECA, Regional 
Offices  Energy & Climate - OW, OAR, 

OLEM, Regions        Planning & Comms  - 
OP, OCHP OW, OP, OAR, Regional Offices

OCSPP, OLEM, OW, Regional Offices, 
OCHP

OAR, OCSPP, OCHP, OEJ, OP, OSA, OLEM, 
OW, Regional Offices, ATSDR, NIEHS

OLEM, OW, OP, OCHP, OITA, OAR, 
Regional Offices

OW, OLEM, Regional Offices, OCSPP, 
OAR, OECA, OP, Water Utilities

Stakeholder

SAB, BOSC, NAS, GAO, Federal 
collaborators, including (NIH, DOD, DOE, 

FWS, USGS, CPSC, FDA, NSF, National 
Nanotechnology Initiative, Tox21), 

Europeans Chemical Agency, OECD, 
Health Canada

ATSDR, DOD, FDA, NIEHS, NIOSH, USACE, 
USDA, WHO, State/Local Toxics Control 

Agencies or Depts. Of Environmental 
Quality / Protection (e.g., Cal EPA, Texas 
Commission on Environmental Quality, 

TCEQ) NIH US Coast Guard, DOI, USACE, DHS, OSTP

End-User
State agencies, Academia, Scientific 

Societies

OAR, OCSPP, OCHP, OEJ, OP, OSA, OLEM, 
OW, Regional Offices, ATSDR, NIEHS, 

State/Local Toxics Control Agencies or 
Depts. Of Environmental Quality / 

Protection (e.g., Cal EPA, Texas 
Commission on Environmental Quality, 

TCEQ)
OSCs, Regional Offices, OLEM, OAR, OW, 

OCSPP



Common Thread #2: Partner and Stakeholder Engagement Table

8/17/2016

Research Planning

Partner OW, OP, OAR, Regional Offices
OCSPP, OLEM, OW, Regional Offices, 

OCHP
OAR, OCSPP, OCHP, OEJ, OP, OSA, OLEM, 

OW, Regional Offices
OLEM, OW, OP, OCHP, OITA, OAR, 

Regional Offices
OW, OLEM, Regional Offices, OCSPP, 

OAR, OECA, OP, Water Utilities

Stakeholder SAB, BOSC, CENRS, USGCRP

SAB, BOSC, CENRS, US Forest Service, 
NOAA, USACE, DOE, USGS, USFWS, 

NASA, NSF, USDA, USBR

SAB, BOSC, NAS, GAO, Federal 
collaborators, including (NIH, DOD, DOE, 

FWS, USGS, CPSC, FDA, NSF, National 
Nanotechnology Initiative, Tox21), 

Europeans Chemical Agency, OECD, 
Health Canada

SAB, BOSC, CASAC, ATSDR, CDCP, CPSC, 
DOD, DOL, FDA, HHS, GAO, NAS, NIH, 

USACE, USDA, WHO, Tox21, Europeans 
Chemical Agency, OECD, Health Canada, 

Alliance for Risk Assessment, 
Environmental Defense Fund, ILSI HESI, 

NRDC, State/Local Toxics Control 
Agencies or Depts. of Environmental 

Quality / Protection (e.g., Cal EPA, Texas 
Commission on Environmental Quality, 

TCEQ), international governing and 
scientific / academic community SAB, BOSC, CENRS, NIH SAB, BOSC, DOD, HHS, USDA, DOI,  DHS

End-User NIEHS, Academia
State agencies, Academia, Scientific 

Societies

 ATSDR, DOD, FDA, NAS, NIEHS, USACE, 
USDA, WHO, Tox21, Europeans Chemical 
Agency, OECD, Health Canada, ILSI HESI, 

NRDC, international governing and 
scientific / academic community

Implementation

Partner

Air Quality Issues - OAR, OECA, Regional 
Offices  Energy & Climate - OW, OAR, 

OLEM, Regions        Planning & Comms  - 
OP, OCHP OW, OP, OAR, Regional Offices

OCSPP, OLEM, OW, Regional Offices, 
OCHP

OAR, OCSPP, OCHP, OEJ, OP, OSA, OLEM, 
OW, Regional Offices

OLEM, OW, OP, OCHP, OITA, OAR, 
Regional Offices

OW, OLEM, Regional Offices, OCSPP, 
OAR, OECA, OP, Water Utilities

Stakeholder SAB, BOSC, CENRS, USGCRP

SAB, BOSC, CENRS, Nature Conservancy, 
Global Water Research Coalition, 

Environment Canada, Water Research 
Foundation, Water Environment and 
Reuse Foundation, US Forest Service, 
NOAA, USACE, DOE, USGS, USFWS, 

NASA, NSF, USDA, USBR

SAB, BOSC, NAS, GAO, Federal 
collaborators, including (NIH, DOD, DOE, 

FWS, USGS, CPSC, FDA, NSF, National 
Nanotechnology Initiative, Tox21), 

Europeans Chemical Agency, OECD, 
Health Canada

 ATSDR, CDCP, CPSC, DOD, DOE, DOL, 
FDA, NIEHS, NIOSH, OMB, USACE, USDA, 

WHO, Tox21, American Public Health 
Association, American Chemistry Council, 

Environmental Working Group, 
ECOS/ERIS, ITRC, ILSI HESI, Europeans 

Chemical Agency, OECD, Health Canada, 
Alliance for Risk Assessment, 

Environmental Defense Fund, ILSI HESI, 
NRDC, State/Local Toxics Control or 

Environmental Protection (e.g., Cal EPA, 
Texas Commission on Environmental 

Quality, TCEQ), international government 
and  scientific / academic communities SAB, BOSC, CENRS

SAB, BOSC, DOD, HHS, USDA, DOI,  DHS, 
States
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End-User

OAR, OECA, OW, Regional Offices, OP, 
OCHP, ECOS/ERIS, ITRC, specific air 

districts and communities, public-at-large

ECOS/ERIS, National Association of Clean 
Water Agencies, Association of State 

Drinking Water Administrators, Water 
Research Foundation, Water 

Environment and Reuse Foundation, UN 
Project on International Nitrogen 

Management System, Tribes & Local 
Communities

State agencies, Academia, Scientific 
Societies

 OAR, OCSPP, OCHP, OEJ, OP, OSA, 
OLEM, OW, Regional Offices, ATSDR, 
CDCP, CPSC, DOD, DOL, FDA, NIEHS, 
NIOSH, USACE, USDA, WHO, Tox21, 
American Public Health Association, 

American Chemistry Council, 
Environmental Working Group, 

ECOS/ERIS, ITRC, ILSI HESI, Europeans 
Chemical Agency, OECD, Health Canada, 

Alliance for Risk Assessment, 
Environmental Defense Fund, ILSI HESI, 

NRDC, State/Local Toxics Control or 
Environmental Protection (e.g., Cal EPA, 

Texas Commission on Environmental 
Quality, TCEQ), international government 

and scientific / academic communities

ECOS/ERIS; Potential end-users: ICLEI - 
Local Government for Sustainability, 
Urban Land Institute, Health Impact 
Project, SmartGrowth Networks [We 

haven't talked to ICLEI, ULI, HIP or 
Sgnetworks on a formal basis, just ad hoc 

listened/talked at conferences/booth]
OW, OLEM, Regional Offices, OAR, 

States, Water Utilities, OCSPP



4. Identify specific needs and research questions within and across programs that can be addressed by
social scientists, and identify the specific disciplines within the social sciences that would best fill these
needs. Across the EPA ORD Programs and Cross-cutting Roadmaps reviewed by the BOSC, there are
repeated calls for “more social science” or increasing research capacity in the social sciences. While
the programs recognize this overall need, in most cases “social science” is not further defined. Greater
specificity is needed to articulate the questions that are emerging that require input from particular
social science disciplines or research that would benefit from social science methodologies. Once
these needs are identified by ORD, the BOSC is willing to assist programs in moving forward in how to
operationalize these needs.

EPA Response: EPA agrees with the BOSC and has initiated discussions with our partners about the
role of social sciences in EPA operations. We have begun to address this in multiple ways, one of which
is by conducting cross-Agency monthly meetings to coordinate and collaborate on social science
activities and to discuss how to operationalize the use of social sciences across the Agency. Three
Program Offices in the Agency are taking the lead on this – ORD, the Office of Policy (OP), and the
Office of Enforcement and Compliance Assistance (OECA). These offices have actively been working
together to integrate social sciences into their work. The key questions that this group is seeking to
address are:

• What are the bounds of ‘social science’ to be considered? Are we talking about just
economics, or other social sciences as well?

• How can social science tools and research improve EPA’s policies and decisions?
• How can EPA institutionalize, best utilize, and advance the use of social sciences?

As part of this coordination, ORD, OP, and OECA are planning a series of workshops that are geared 
toward advancing the use of social sciences at EPA. An ORD-led workshop, to be held in Research Triangle 
Park, North Carolina on October 4-5, will focus on defining what is meant by “social sciences” in the 
context of environmental and public health protection, and educating EPA researchers and managers 
sufficiently for them to apply what they learn to ongoing and planned research in ORD’s StRAPs. The co-
chairs of the SHC Subcommittee have been active participants in planning and conducting this workshop. 
After the workshop, the National Program Directors (NPDs) will be tasked with identifying specific project 
areas that are most suited for inclusion of the social sciences in their ongoing efforts. An ACE-led 
interdisciplinary workshop focusing on wildfire smoke will be held on September 22-23 and will more 
specifically apply social sciences to problem formulation related to the communication and management 
of smoke exposure risks during wildland fire smoke episodes. The OP-led workshop will target a smaller 
group of senior managers across the agency to discuss how the social and behavioral sciences can 
contribute to research and policy design and how EPA can operationalize social science 
recommendations from the National Academy of Sciences (NAS), SAB, and BOSC. OECA is working with 
academics and other stakeholders to determine how social sciences can inform implementation of 
regulations. This workshop will focus on next generation compliance issues, with a need to determine a 
metric to use in prospective case studies working with state agencies. These workshops will culminate 
with a white paper or overview workshop to examine the outcomes from these efforts and consider how 
EPA can best advance the use of social sciences in environmental protection. 

The group is also in the process of formalizing a network of social scientists in the Agency that will meet 
regularly and discuss ongoing and future activities. We have compiled an extensive list of social science 
disciplines that are most likely to be relevant for EPA. We anticipate the workshops being planned by 
ORD, OP, and OECA will help us identify relevant research questions and social sciences needs within the 
Agency, which ORD will then be able to address. 

5. Develop a consistent, multidirectional communication strategy across all of ORD to inform, educate,
and encourage interactions with partners, stakeholders, users, end-users, and clients. These parties
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should be engaged at the various stages of the research cycle, including problem formulation, 
research planning, implementation, and work product development. Different stakeholders and 
partners may be involved at different points in the research cycle where their engagement would 
have the most impact – not to direct the research agenda but to provide their perspective on what 
research products are most needed and how they will be used. We recognize that there are various 
communication tools being used by ORD, but a clear and consistent communications strategy needs 
to be articulated. Research translation needs to be a critical part of this strategy (see next bullet). 

EPA Response: ORD has been working to strategically engage our partners, stakeholders, and end-
users throughout our research cycle to ensure our research meets their needs. We have made 
significant progress in engaging EPA Program Office and Regional partners through the PACT process 
(described above under Common Thread #2) and have proactively engaged state environmental 
agencies through our collaboration with the Environmental Council of States (ECOS). One of the goals 
of our state engagement strategy is to make ORD tools and approaches more accessible, relevant, 
useful and practical for states and others, and to transfer knowledge from ORD research to states 
through webinars, training and conferences. We initiated a new EPA Tools and Resources monthly 
webinar series in 2016 to share ORD research, demonstrate tools and seek input from our external 
partners. 

Although, we have made significant progress, there is room for improvement. We recognize there is a 
need to develop a more consistent, coordinated, and multidirectional stakeholder engagement 
strategy across ORD. To address this need, ORD has launched an effort by a subgroup of the Executive 
Council to optimize our internal and external stakeholder engagement activities with a proposal being 
presented at the next face-to-face meeting in July. The first step, which is already underway, is for ORD 
to inventory existing stakeholder outreach efforts. We plan to use the results of the inventory to 
develop, implement, and evaluate a more consistent stakeholder engagement strategy. The strategy 
will have two key elements. The first element will describe how ORD will implement stakeholder 
engagement activities internally to improve coordination and increase the impact of our collective 
stakeholder outreach efforts. This effort will include the development of guidance and best practices 
documents for ORD staff to reference. The second element will describe ORD’s plan for informing, 
educating, and encouraging multi-directional (e.g., bi-directional communication with various sectors 
/ partners and stakeholders across several programs) partner and stakeholder engagement. This 
element will describe ORD research areas that have the potential to inform high-priority public health 
and environmental issues. It will align those areas with impacted stakeholder groups, describe plans 
for translating the research, and provide an overview of plans for engaging in a multi-directional 
discussion.  

6. Further develop and enhance efforts in research synthesis and translation. The need for synthesis and
translation of the results of program research is critical in order to support policy decisions,
particularly as the programs participate in more public engagement. The BOSC applauded program
involvement in translational efforts and urged continued investment in these efforts. They recognize
that part of the current culture change in the Agency is to enhance the ability of researchers to
understand their work in a larger context and learn how to communicate research results to non- 
specialists. While some project investigators might have expertise in translating and/or synthesizing
research results, it is not necessarily desirable to require all investigators to engage in translation
and/or synthesis efforts. The programs might benefit from identifying and/or training the appropriate
people (scientific full-time equivalents (FTEs)) best suited to synthesis and/or translation of research
work. Rewards and incentives should be in place, because synthesis and translation work does not
necessarily result in peer-reviewed publications, yet the impact on policymakers and the public can
be substantial.
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EPA Response: EPA appreciates the BOSC’s comments and agrees that research synthesis and 
translation should be further developed. ORD has been implementing a multi-level approach that 
would be available to multiple audiences and for different purposes. For example, ORD produced its 
first research yearbook2in April 2016 which included a small sample of accomplishments from the past 
year. This tool will be used to promote the breadth of research conducted within ORD to a variety of 
partners and stakeholders. For those audiences looking for technical information and training 
associated with ORD research, each NRP conducts webinar series as described in Common Thread #5. 
In some cases, ORD has been able to provide continuing education credits for participating in such 
webinars, which helps promote advancements in science and ensuring all scientists in the field and 
elsewhere are aware of the most cutting-edge science. Further, the HHRA program offers a set of risk 
assessment training modules that have been used by Programs and Regional Offices, as well as 
stakeholders, including state and international agencies, to increase understanding and enhance 
research translation in risk assessments. 

As a first step to training staff in research translation, we are engaging with the Alan Alda Center3 in 
order to implement a coordinated effort to make scientific communication training available across 
the organization. The goal is to provide the training broadly to ORD scientists and communications 
staff in an effort to prioritize the importance of plain language communication, and to build skills in 
communicating technical science in a variety of situations, including presentations at conferences, 
public speaking, stakeholder outreach, and communication materials. EPA will prioritize training for 
those that are working on impactful products with community interest.     

In addition to the Alan Alda Center training, ORD recently provided four half-day Media 101 trainings 
to a total of approximately 40 scientists. The trainings taught researchers how to distill key messages 
from their research, help researchers translate their work, and communicate with a broad range of 
non-specialists. ORD is currently exploring ways to make this hands-on, in-person training more 
broadly accessible to a larger audience of researchers, as well as exploring other activities that will 
help train researchers to translate and communicate their research to the general public.  

EPA also agrees that rewards and incentives should be in place. For example, the annual ORD Impact 
Award recognizes outstanding achievement in measuring and communicating the impact of ORD’s 
work to protect human health and the environment. Through the Impact Award, ORD promotes the 
idea that work must be communicated broadly to diverse audiences and that our work must be 
relevant to decisions made both inside and outside of EPA. Last year, HSRP won the Impact Award for 
their efforts to communicate research on Ebola Virus Transmission and Waste Management. The 
effective communication and translation of their research through various mechanisms, including 
workshops, written guidance, and training for key audiences had significant impact on EPA’s and the 
nation’s preparedness and response to the 2014 Ebola outbreak. We will consider additional options 
to provide incentives and rewards for good science translation. 

Translation and communication of research results was a key topic at a recent two-day meeting of the 
NRP Directors, who recognized the need for more focus in this area over the next few years. The NPDs 
discussed how to gather and integrate results from across the research programs and translate the 
science effectively for our partners and stakeholders. Next steps include developing a strategic 
approach for training staff in research translation as well as hiring staff with particular specializations 
in translation of scientific work.  

7. Strengthen, enhance, and invest in more effective within-Agency interactions. The success of ORD is

2 https://www.epa.gov/research/epa-research-2015-yearbook 
3 https://centerforcommunicatingscience.org 
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highly dependent on conducting good science and on how well their research meets the needs of 
their Program Office and Regional Office partners. The BOSC recognizes that there are processes in 
place to provide interactions between ORD and its partners, such as Regional Liaisons, webinars, etc., 
but these efforts are inconsistent in the degree to which they are effective. ORD is encouraged to 
build these efforts into a more robust and integrated program, one that is institutionalized and not 
dependent on the enthusiasm of key individuals. It is important for all partners to contribute to and 
have ownership of the ORD research process. Dedicated staff and budgeting for collaboration will 
enhance the participation of EPA partners in problem formulation, the design of research and the 
successful use of research results at the regional and program levels. 

EPA Response:  EPA appreciates the recognition of the current processes in place to better 
communicate research efforts with Program and Regional partners. EPA has made a strong effort to 
meet regularly at multiple stages of the research planning process and at multiple levels with 
partners, including annual Assistant Administrator level meetings to ensure that research portfolios 
reflect the priorities of their Programs. For example, a discussion at one planning meeting related to 
the need for advancements in priority water sensors led to the development of a collaborative 
workgroup including ORD, OW, OECA, and several Regions. This group identified Agency priorities for 
water sensors and collaborated with multiple other agencies and organizations to identify user 
requirements (i.e., precision, accuracy, minimal cost, and interpretation). The requirements were 
shared with the user community and manufacturers at the National Water Quality Monitoring Council 
annual meeting. In conjunction with interagency collaborators, efforts are now underway to 
accelerate development for two of the identified sensors (arsenic and harmful algal bloom toxins). 
Quarterly Deputy Assistant Administrator (DAA)-level meetings provide a forum for Program Offices 
to discuss progress in specific areas of research on a more regular basis, while regular NPD-led 
meetings and multiple staff-level meetings allow NRPs to discuss the specifics of research projects.  
These conversations allow for continuous engagement with the Program and Regional Offices at 
multiple organizational levels throughout the year that help promote similar interests and find 
resolution for challenging issues. However, EPA agrees that intra-Agency interactions should be 
strengthened and is currently exploring a strategic approach to increase such exchanges that will 
supplement efforts currently being utilized. For further information regarding ORD’s strategic plan for 
outreach, see Common Thread #5. In future meetings of the various BOSC Subcommittees and the 
NRPs, we will ensure that our partners are invited to the sessions so that there will be an opportunity 
to hear directly from them or their perspective on the interaction with ORD. 

Beyond the efforts currently ongoing across the NRPs, ORD senior managers are designing an 
approach to institutionalize increased engagement with partners at the highest level. This approach 
will be based on lessons learned from the most effective ongoing efforts across all of the NRPs. For 
example, ACE leadership regularly coordinates visits with Regional partners while in a particular 
geographic area for other reasons (such as a science annual meeting), which has allowed the 
development of stronger peer relationships and opened up lines of communication on research needs 
and integration. Ideally, this approach will be integrated across the ORD matrix, and involve Lab, 
Center, and Office Directors as well as the NPDs. Additionally, as we launch and institutionalize the 
PACTs (see Common Thread #2), we will strengthen interactions across the Agency. 

8. Continue to nurture and expand cross-program and transdisciplinary integration. Efficiencies and
synergies appear possible beyond current interactions among the programs. For example, data
collected by CSS may be useful for the tools developed by SHC. The focus on addressing emerging
issues in HSRP may provide insights to the other programs in how to balance long-term research with
more emergent issues that arise. The expertise developed in SHC in community engagement could be
useful to the HSRP program in transferring their tools to the local level.
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EPA Response: We agree with the BOSC in recognizing the importance of cross-program and 
transdisciplinary integration in supporting an efficient and systems-level research approach to meeting 
complex environmental challenges. ORD continues to find ways to leverage resources and opportunities 
that will further enhance integration and create synergies that advance the science. Within ORD, we 
regularly share research progress and needs in topic areas that may benefit from additional connectivity 
by presenting at high-level management meetings. These presentations have led to follow-up 
discussions on how the NRPs may increase their interactions. As noted in Common Thread #9 (see 
below), ORD is working on a strategy on how to balance long-term research with more emergent issues, 
with HSRP being used as a potential model to follow. Other recent examples of enhanced integration 
efforts include collaborative efforts by CSS and SSWR with Program partners to integrate emerging 
data, models, and tools to advance ecological risk assessments. This May 2016 workshop was co-led by 
OW, CSS, and SSWR with engagement by the Office of Chemical Safety and Pollution Prevention and 
was focused on evaluating the state of the science in support of the use of innovative approaches to 
support the aquatic life criteria. Further joint efforts include those by ACE, SHC, and HHRA to better 
understand how non-chemical stressors affect the response to chemical stressors following discussions 
with the Office of Environmental Justice in OECA.  Many other interactions are further described in the 
program-specific responses.  

 
9. Maintain alignment between research that is focused on short-term goals and long-term objectives, 

as both are relevant in different contexts ranging from remediation and containment to improving 
human health outcomes and achieving long-term well-being. In addition, ORD should maintain the 
alignment between research that is responsive to partner needs and research that is proactive and 
motivated by forward-thinking research questions that may anticipate future partner needs. Despite 
their different motivations and temporal horizons, these various research threads should be mutually 
informative. Short-term research can help identify long-term questions; intermediate outcomes and 
products of long-term research can be used to solve short-term questions. 
 
EPA Response: EPA agrees that the research programs must maintain appropriate balance and 
alignment to ensure a well-rounded portfolio. This portfolio should contain shorter term research to 
meet our partners’ immediate needs, which will also feed into longer-term outputs that help to drive 
the science forward. Given EPA’s role in protecting public health, ORD’s portfolio must also be agile 
enough to address unplanned research needs of our partners, which may in turn contain both short- 
and long-term objectives. In July, ORD senior science leaders will propose a strategic approach to the 
ORD Executive Council on how to balance planned and innovative research that reaches beyond the 
vision of the regulatory portfolio. This approach will be designed to achieve a balance of resources (i.e., 
expertise, FTE, dollars) that will continue to enable ORD’s long-range cutting edge research program 
the flexibility to respond to immediate and unplanned research needs of our partners, without severely 
impacting the long-term objectives. Ideally, these proactive innovative efforts by science investigators 
in response to emerging issues will provide a step to the future to address unanticipated needs or 
avenues that have proved essential for yet to be envisioned programmatic issues. 
 
It is important to EPA that research conducted within ORD maintains a balance of responding to the 
current needs of our partners and stakeholders, but also scans the horizon for the challenges and 
scientific questions that will be coming in the near future. For example, experts in SSWR have been 
working on water modeling that will inform sampling efforts and directly respond to the needs of 
Region 8 (Colorado, Montana, North Dakota, South Dakota, Utah, Wyoming, and 27 Tribal Nations) 
and the surrounding community in support of evaluating remediation efforts for Gold King Mine. This 
work could also help inform approaches used to respond to future events and motivate research. In 
another example, ORD conducts both short-term, urgent, and applied research on water infrastructure 
(driven by the science gaps revealed in Flint, Michigan and by the Elk River spill) while simultaneously 
developing the next generation of water systems that employ real-time, innovative sensors and 
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modeling to improve system performance and public health. 

It is essential that each of our research programs engage with both partners and stakeholders in the 
development of the StRAPs to ensure that they are responsive to their needs. At the same time, we 
must always be looking at ways in which we can anticipate future research in specific fields. Common 
Thread #2 illustrates how the needs of our partners and stakeholders are integrated throughout our 
programs and how NPDs engage with Program and Regional Offices, as well as stakeholders to ensure 
that the right research is being conducted in a relevant time frame. 

10. Continue to develop innovative decision support tools by drawing on partner and stakeholder
engagement to improve dissemination, utility, evaluation, and adaptive improvements of tools.
Decision support tools are important in many program areas. Each research program should consult
with the specific stakeholder(s) to ensure that the tools will address their needs, as well as be usable,
helpful and effective.

EPA Response: EPA appreciates the BOSC’s comments to continue to develop innovative decision
support tools and agrees that engagement with partners and stakeholders in the dissemination,
utility, evaluation, and improvement of those tools is vital. ORD researchers develop environmental
and health-relevant tools with one overarching goal - to help solve problems. ORD has been working
to strategically engage our partners and stakeholders throughout the research cycle to ensure our
tools meet their needs. For example, CSS worked closely with stakeholders to develop the web-based
interactive chemical research dashboards where decision-makers can access summary information
derived from chemical exposure, hazard data, decision-rules, and predictive models. Although, we
have made significant progress, there is room for improvement. We recognize there is a need to
improve the interfaces for our research tools so that stakeholders better understand how to use them
to inform decisions and to evaluate interest and usage of our tools. To address this need, ORD is in the
process of reviewing a list of in-development and existing ORD tools. We plan to engage in multi-
directional discussions with stakeholder groups as tools are being developed, and work with them to
construct user-friendly tools to help solve public health and environmental problems that are
specifically relevant to them (see Common Thread #5). In addition, ORD is also in the process of
identifying appropriate metrics to use to determine stakeholder interest in and the utility of tools
through focus groups, surveys, and evaluating web analytics. There are currently two ongoing
activities to accomplish this: 1) SHC is piloting a survey of Program Office and Regional partners to ask
them what engagement techniques work for them and which do not, and 2) ORD has been working
with the Google Analytics team to determine how to compile web metrics to determine the most
popular ORD tools as well as what types of users are using which tools. We should have results from
the SHC survey and web metrics in the next six months or less.

Webinars and training courses are another important tool that ORD uses to disseminate research to
its partners and stakeholders and ensure that the resources EPA develops are accessible and useful to
the needs on the ground. ORD hosts a Tools and Resources webinar the third Wednesday of
each month to share our research, demonstrate tools, and seek input from our partners and
stakeholders. We also agree that the research programs should tailor their efforts for their specific
stakeholders, and each NRP has individual webinars for that purpose. As one example, SSWR cohosts
a monthly webinar series with OW to communicate small systems research along with Agency
priorities. The series provides a forum for EPA to communicate directly with state personnel and other
drinking water and wastewater small systems professionals, which allows EPA to provide training and
foster collaboration and dissemination of information. Further examples are described in more detail
in the SHC and HSRP specific responses. The HHRA program continues to add modules and tailor
courses on risk assessment to address stakeholder requests.
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11. Increase efforts to integrate tools with attention to interoperability and the ability for tools to inform
each other and to answer research questions. A common theme voiced across the research programs
was the need for interoperability among the various databases and analytical tools. Many of the tools
use different platforms that limit interoperability. This can increase the costs of adding capabilities to
the tools through extensions and/or integration. This also increases long-term maintenance and
support costs and raises the tools’ collective complexity and training requirements.

EPA Response: EPA agrees with the BOSC and recognizes that our tools must be integrative and
interoperable if they are to be used effectively. Efforts to improve interoperability are continuing across 
major data and model platforms. For example, in CSS, the publically available iCSS Dashboard is being
designed as a gateway to an array of related public domain databases, to provide improved access to
data and models associated with chemicals of interest, and is a hub that links together many EPA
research databases. The need for greater interoperability is motivated by a need to build integrated
systems spanning multiple science disciplines. Reuse of existing environmental software is an
important factor in developing more efficient information systems.  Preparing software for reuse and
interoperation impacts the entire software development process, including planning, design,
implementation, testing, documentation, and deployment. ORD’s goal regarding interoperability is to
enable construction of scientifically consistent and coherent environmental software systems for multi-
disciplinary data integration, decision and policy support, and modeling.

ORD continues to strive to access the best and most current science available as well as provide
components developed at EPA for others to discover, access, and integrate into their systems.
Facilitating the process of constructing multi-disciplinary and multi-scale environmental systems will
require a means by which to define and standardize the science-based information (and knowledge)
needed to answer the relevant questions. This information must then be codified using technology
standards to enable automated discovery, access, and integration. As part of the SHC program, we will
be adopting the Agile method of software development and project management in making ORD’s
tools and models interoperable. These principles are described in the U.S. Digital Services Playbook4.

ORD also recognizes the need to provide both access and security of the data it generates to ensure
sufficient metadata to support this agile software development, as well as to ensure the integrity,
credibility, and reliability of the data via curation and data management controls. ORD is already
implementing the second phase of its Science Hub to serve as a data repository, manage data
associated with its research and publications, and to facilitate public access important to providing
transparency regarding its research activities. For example, the Health and Environmental Research
Online (HERO) database5 already provides access to more than three million publications that have
been used in the development of assessments by the HHRA program.

12. Make necessary investments to increase IT capacity. Keeping abreast of advances in calculation
capabilities, hardware and software advances, and highly-skilled IT staff (such as informatics
specialists) are essential to the successes of ORD. Each of the programs, to more or less of a degree,
is impeded by IT deficiencies. The leadership of CSS requires bioinformatics experts and computing
capacity for the vast “big data” generated by screening and evaluation; SSWR, and ACE are hampered
by the inability to link models and tools; and HSRP has cyber security concerns. Such investments are
an integral component to the continued success of each program, and if not made, can be a barrier
to future successes.

EPA Response: The IT infrastructure at EPA, like many other government agencies, is a centrally

4 https://playbook.cio.gov 
5 https://hero.epa.gov 
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managed activity, and as such, there is little flexibility for making localized investments. Nevertheless, 
on numerous occasions, the Administrator and her Science Advisor have expressed interest in and 
support for data-driven, transparent, and accessible science to support the Agency’s mission, and have 
prioritized enhancements in IT and information pipeline support. In addition, ORD, through its Office of 
Science Information Management (OSIM) and in close collaboration with the Office of Environmental 
Information (OEI) has made significant strides in building capacity, investing in modernization projects, 
and enhancing interoperability. These enhancements are being made on the heels of a relatively long 
period of stagnant growth, and for this reason, the progress and investments may appear incremental 
and insufficient. Nonetheless, we have estimated that the Agency hardware refresh resulted in a 25% 
improvement in productivity and progress just in the past 12 months, as a result of the first wave of 
modernization. Other enhancements that have been implemented recently include, accessibility to a 
wireless network, making it easier for researchers to operate across the lab-office environment; 
developing a secure connection zone between EPA researchers and external collaborators; and the 
development of a data analytics platform that helps visualize data and make it available for 
collaborative efforts. The second phase of the ORD Science Hub as described in Common Thread #11 is 
underway. In addition, in CSS related areas for example, new postdoctoral and permanent recruitments 
have also focused on expertise in informatics, literature mining, information management, and other 
fields related to computational science. We also recognize that in order to continue this development 
to serve an ever burgeoning audience, increased capacity is critical.   

We are very concerned that our continued progress will be limited or even stymied. ORD needs a secure 
but very flexible infrastructure that enables extensive scientific collaboration, the use of “IT as the new 
laboratory”, and allows for increased public awareness of our work while maintaining a secure 
environment in the face of steadily growing cyber threats. ORD has been working on developing 
virtualized environments that would expand the power and availability of computational capacity. The 
Agency recognizes these critical needs and paths but in the face of limited resources the challenges are 
significant. With this critical recommendation from the BOSC, we hope to maintain the energy and 
institutional will to continue to increase and enhance ORD’s IT capacity and capabilities. 

Summary and Synthesis of Key Recommendations 

Air, Climate, and Energy (ACE) 

Overall, the ACE Subcommittee found that the vision and objectives in the ACE StRAP are clearly 
articulated and the research topics and project areas are planned and organized appropriately. As a 
general conclusion, the Subcommittee agreed that the ACE plan provides a structured vision and 
actionable design to guide an ambitious research portfolio that delivers the science and engineering 
solutions the Agency needs to meet its priorities and fulfill its legislative mandates, with a specific focus 
on three stated objectives: 

1. Assess impacts;
2. Prevent and reduce emissions; and
3. Prepare for and respond to changes in climate and air quality.

The results of ACE program research support policies that have far-reaching positive impacts across the 
nation, including reducing health risks from air pollution, preparing for the impacts of climate change, and 
advancing more resilient and sustainable communities. 

In view of the increasing need to prioritize the allocation of resources, the Subcommittee endorses 
maintaining high priority on core areas of research that ACE partners, the states, and other users rely 
heavily on, for example, emissions characterization, monitoring methodologies, and atmospheric/climate 

11



science. In this vein, the Subcommittee noted the need for developing new or replacing outdated federal 
reference methods for ambient pollutants; continuing the development of small, inexpensive sensors 
suitable for criteria pollutants as well as emerging air pollutants such as ammonia; and continuing support 
of air dispersion model development in the areas of source attribution, dry deposition, and speciation 
profiles. 

EPA Response: The ACE program is committed to focusing on the core research areas as articulated in the 
StRAP.  As emphasized by the committee, research to develop federal reference methods, develop sensors, 
and support air dispersion model development continues to be among our highest priorities. 

The Subcommittee applauds the ACE focus on building on core strengths to support the evaluation of 
climate change impacts. The Subcommittee highlighted the increasing importance of understanding and 
predicting climate change-related human health effects, such as those associated with wildfires. This 
particular example illustrates the opportunity to leverage core ACE strengths in air emissions and modeling 
and to integrate with ongoing and planned research on climate change-related human health and 
environmental effects performed by ORD, other Federal agencies, and non-governmental 
organizations. As heat exposure and humidity play key roles in climate change-related health effects, the 
Subcommittee also noted the importance of including temperature and humidity in air quality modeling 
used to evaluate climate change impacts at all scales, from local to national and larger. Finally, the 
Subcommittee identified the need for measuring and/or modeling the changing patterns of pollen 
exposure as a research area that aligns well with ACE’s strengths and the program’s stated objective to 
prepare for and respond to changes in climate and air quality. 

EPA Response: We are pleased that the Subcommittee agrees with the increased emphasis on research to 
evaluate the human health effects associated with climate change, and expect to continue to build upon 
recent efforts to better understand the combined impacts of temperature, humidity, and air pollution, as 
well as the health effects associated with impacts to water quality due to climate change. Our priorities for 
climate change and human health research include efforts to: 

• Identify and characterize communities and people at greatest risk to climate change and air
pollution.

• Assess the individual and synergistic impacts of climate change and air quality on human health.
• Develop approaches to assess the likelihood and effects of extreme events on human health.
• Identify potential societal and behavioral responses to human health risks from climate change.

A few recent activities illustrate the focus on understanding potential health impacts of climate change. In 
April 2016, the U.S. Global Change Research Program released a landmark scientific assessment, “The 
Impacts of Climate Change on Human Health in the United States.” ORD scientists contributed significant 
original research to this assessment and are continuing interactions with the Centers for Disease Control 
and Prevention (CDC) and National Oceanic and Atmospheric Administration (NOAA) to advance our 
understanding of the climate impacts on air quality and human health. EPA recently held an internal 
workshop on wildland fires - where impacts could be exacerbated by climate change - and is working to 
understand and coordinate research across federal agencies through the National Science and Technology 
Council’s (NSTC) interagency Committee on Environment, Natural Resources and Sustainability (CENRS), 
Subcommittee on Air Quality Research. EPA is also working to coordinate research on the connections 
between wildland fires and climate change through the CENRS Subcommittee on Global Change Research. 

In 2015, EPA awarded grants to nine institutions through ORD’s National Center for Environmental 
Research’s (NCER) Science to Achieve Results (STAR) program to conduct research addressing the effects of 
climate change on indoor air quality and the resulting health effects6. This research will look into the health 
effects produced by the change in air quality resulting from changes in building use and design. The Request 

6 https://cfpub.epa.gov/ncer_abstracts/index.cfm/fuseaction/recipients.display/rfa_id/590 
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for Applications included the potential for increased allergen exposure as one of the key questions; one of 
the nine grants is addressing allergies as a health component to be evaluated. Also, in 2014, EPA awarded 
six grants to research cleaner technologies and fuels for cooking, lighting, and heating homes7. This 
research will provide understanding of how effective cleaner burning methods are protecting air quality and 
slowing climate change. 

Some of the existing ACE health research is evaluating the combined effects of heat stress and pollutant 
exposure, as well as examining the role of exposure to allergens on response to pollutant exposure. ACE is 
also working to strengthen and expand our interactions with other agencies like CDC and the National 
Institutes of Health (NIH) that will be needed to conduct effective research related to the potential impacts 
of pollen and other allergens that are expected to increase as a consequence of climate change. 

On the topic of research planning and problem formulation, the Subcommittee applauds the ACE program 
for the breadth and diversity of approaches used for engaging partners. The Subcommittee suggests that 
program planning and implementation might also benefit from more direct involvement by one or more 
states at the problem formulation stage. The states serve a key role in both providing and using 
information generated by the ACE program, yet their interests and points of view are not always fully 
represented by EPA’s Regional Office partners. Direct involvement by one or more states should help 
ensure an on-the-ground perspective on needed tools and the ultimate implementation of research 
accomplishments into use and operations. 

EPA Response: We agree that direct involvement of the states can identify important issues and 
perspectives that can alter the focus of specific research efforts and provide the opportunity for research 
results to make a real difference to large populations. ACE receives input from the states in several ways, 
including formal input from ECOS/Environmental Research Institute of the States (ERIS) to ORD, multiple 
staff-level interactions with local, state, and regional governing bodies, and through formal interactions 
with Regional Offices and their connections with local, state, and regional entities. We have also worked 
directly with states on a number of activities, including sensor workshops and Village Green sites. These 
direct and indirect interactions ensure that ORD’s activities and communications support the activities of 
the rest of the Agency. 

The Subcommittee is sensitive to the tension between the increasing needs of ACE’s partners and 
constrained resources. In this environment, it is important to ensure the continuation of sufficient funding 
for program reviews by external experts, peer review, and other quality assurance activities to maintain 
a high quality product. The Subcommittee believes that the ACE program is highly focused on quality 
assurance; however, the Subcommittee would benefit from greater knowledge of quality assurance 
procedures in place for different types of ORD projects. 

EPA Response: ACE agrees wholeheartedly with this recommendation. The ACE program, like the other 
NRPs, has seen the erosion of resources over the last decade or more, even as demands increase. Every 
effort is made to conduct valuable research as efficiently and expeditiously as possible and to ensure that 
the budget planning for any project includes the resources needed for Program or peer review and other 
quality assurance (QA) activities. 

ORD has developed QA procedures that apply to the full range of EPA research activities, including those 
that might be considered as “rapid response.”  ORD has dedicated QA staff to provide additional guidance 
and support during such activities. For example, EPA scientists and QA staff were closely involved with the 
measurement of emissions from burning oil on the ocean surface following the Deepwater Horizon accident 
and spill. For all ORD work, there are QA staff and procedures in each Lab and Center that require 
management sign-off on protocols and the conduct of audits when needed. The QA processes are designed 
to allow rapid sharing of data while maintaining high data quality, which addresses the concerns of the 

7 https://cfpub.epa.gov/ncer_abstracts/index.cfm/fuseaction/recipients.display/rfa_id/563/records_per_page/ALL 
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Subcommittee. ACE will be glad to provide additional information regarding ORD’s QA program. 

In conclusion, the Subcommittee believes that the ACE StRAP articulates and organizes an ambitious but 
achievable research program that aligns with EPA’s objectives and mandates to protect air quality and 
take action on climate change. The Subcommittee looks forward to continuing to serve as a resource to 
the ACE program on technical and management issues related to its research programs. 

Sustainable and Healthy Communities (SHC) 

The Subcommittee generally found the vision and objectives in the StRAP to be clearly conveyed and the 
topics and project areas to be planned and organized appropriately. As a general conclusion, the 
Subcommittee acknowledges the consistent focus on sustainability across SHC activities, and commends 
the systems orientation of the programs within the SHC. The Subcommittee also recognizes the challenges 
of the integration across environmental science and social science disciplines, and the application across 
multiple spatial and temporal scales that sustainability science requires. 

1. The Subcommittee recommends SHC continue to develop its conceptualization of sustainable and
healthy communities. EPA in general, and SHC specifically, have an opportunity to be global leaders in 
sustainability, and in defining core principles of wellbeing, community, and resilience. The development 
and dissemination of an integrated framework for how to think about sustainable and healthy 
communities could be nationally and globally transformative. 

EPA Response: The SHC team appreciates the support for the transformative nature of our research on 
sustainable and healthy communities. We continue to develop a framework that integrates the principles 
of well-being, public health outcomes, ecological services, and community resilience, using a systems-based 
approach as well as providing the research and technical support to clean up contaminated communities. 
It is our goal to develop a research program that is on the cutting edge of sustainability and we believe that 
communities are the appropriate scale for this work. To that end, SHC has developed a conceptual 
framework that illustrates the connections between and transformative nature of the research program 
(see figure below).   

The heart of this framework is the Community Sustainability Assistance System (CSAS), a user-friendly, 
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interactive, intuitive, web-based portal about the science, tools, databases, and case studies connecting 
ecosystems to human well-being, which is expected to be delivered in FY19 or later. The bold titles in the 
framework ovals are major projects in SHC (e.g., Ecosystem Services, Health & Well-Being, and 
Contaminated Communities) and the smaller ovals depict important work associated with these projects. 
The research in SHC is about establishing associations and causal relationships between environmental 
quality and human well-being and describing these relationships in a decision support context using a web-
based portal (CSAS). The conceptual framework highlights two important elements:  the EnviroAtlas, an 
atlas of ecosystem services in the context of well-being and EPA’s Report on the Environment (ROE) that 
describes the trend of a series of indicators arrayed by environmental components (e.g., air, land, water, 
human health, and ecology). CSAS incorporates the research and products from SHC into an assistance 
system in direct support of EPA’s Program and Regional Offices as they implement principles of 
sustainability with states and communities.   

2. Furthermore, the Subcommittee recommends expanding SHC’s conceptualization of relationships 
between ecological and human health and wellbeing away from unidirectional articulations toward non- 
linear, multi-directional relationships. This shift in conceptualization requires the integration of systems 
thinking into the development of projects and tools, and may involve the integration of causal and 
feedback loops, scenario building, and system dynamics models. Furthermore, the Subcommittee 
recommends that SHC expand the time horizon for investigating the interactions of ecological and human 
health and community wellbeing. 

EPA Response: SHC agrees completely with the BOSC that the relationships between ecological and human 
health and well-being are non-linear and multi-directional. The SHC conceptual framework illustrated in the 
figure above attempts to capture this concept. The framework is intended to approach environmental 
challenges that begin with strong problem formulation; rely on systems approaches and tools to integrate 
different types of data from multiple disciplines (e.g., ecology, public health, toxicology, and social 
sciences); inform new technologies and consider novel sources of data, such as citizen science. This 
framework is based on taking a systems approach to integrate ecological and human health information 
into environmental decision-making and includes five elements: 1) formulate the problem holistically; 2) 
gather and synthesize diverse information; 3) develop and assess options; 4) implement sustainable 
solutions; and 5) monitor and evaluate results. Woven through each step is consideration of vested 
partners, scientists, and decision-makers, and the need for science translation, education, and 
communication.    

3. The Subcommittee recommends greater integration across projects, topics, and scales in the outputs, 
products, and tools produced by SHC. Integration is critical for understanding sustainable and healthy 
communities, particularly given the scope of SHC. Greater attention could be given to considering the 
needs, skills, and capacity of the range of users of products and tools produced by SHC, and to ensuring 
that these products and tools can be customized and scaled to capture key interactions influencing 
community experiences and decision making. 

EPA Response: We recognize the importance of integration across projects, topics, and scales in SHC 
outputs and products. SHC’s detailed project plans, which were not available when the BOSC met in 
September 2015, are intended to address integration within and across SHC projects as well as those related 
projects in other ORD research programs. SHC will share these detailed project plans with the BOSC and 
they will be the basis for a more in-depth review of SHC. The next SHC BOSC meeting on November 2-4 will 
review three projects that are designed to support the needs of the Office of Land and Emergency 
Management (OLEM) and will focus on the range of users of SHC’s products and tools. The ultimate goal of 
SHC is to develop a CSAS (see conceptual framework in the figure above) that allows users to gain easy 
access to community-scale information and tools produced by SHC. 

However, this level of integration represents a kind of paradigm shift in focus from traditional, linear 
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models of community and environmental health. To that end, the Subcommittee recommends that SHC 
continue to build capacity for greater integration that this paradigm shift requires. In particular, ( 4 )  
the Subcommittee recommends hiring additional staff with expertise in the social and economic sciences, 
and in complex socio-ecological systems. SHC could also consider expanding the use of shared staff 
appointments across research topics and the other research programs. 

EPA Response: EPA agrees with the BOSC and has initiated discussions with our partners about the role of 
social sciences in EPA operations. We have begun to address this in multiple ways, one of which is by 
formalizing a network of social scientists in the Agency to meet regularly and to discuss ongoing and future 
activities. We are also conducting cross-Agency monthly meetings to coordinate and collaborate social 
science activities, and to discuss how to operationalize the use of social sciences across the Agency. EPA is 
proposing to hold a series of workshops that will be geared toward specific needs of the agency. An ORD-
led workshop will focus on defining what is meant by “social sciences” in the context of environmental and 
public health protection, and educating EPA researchers on this topic sufficiently for them to apply what 
they learned to ongoing and planned research in ORD’s StRAPs. These workshops will culminate in an 
overview workshop or white paper to discuss how EPA can best advance the use of social sciences in 
environmental protection (see Common Thread #4). ORD recognizes the importance of complex socio-
ecological systems in designing our research. We recognize that personal values and world views (socio-
psychological) of stakeholders greatly influence the formulation of the problem to be solved. We are already 
using social scientists as we work with communities to better understand their views and perspectives and 
recognize that additional staff are necessary as we emphasize the social dynamics of environmental 
protection. Our emphasis on hiring new staff will be those who are grounded in both the environmental and 
social sciences. Recognizing the current limits to federal ceilings on personnel, we will be looking into job 
sharing with other NRPs as well as other opportunities to recruit social scientists (e.g., Fellowships through 
the Oak Ridge Institute for Science and Education, American Association for the Advancement of Science, 
and Association of Schools & Programs of Public Health, and Postdoctoral researchers).     

In order for the Subcommittee to more fully understand the effectiveness of partner engagement and the 
implementation of decision-support tools in diverse situations, (5) we recommend that future meetings 
of SHC and the Subcommittee provide opportunities for greater interaction with staff from centers and 
labs, as well as stakeholders in partnering regions and communities. 

The Subcommittee (6) recommends further that SHC compile a catalogue of tools that would include 
information on each tool such as the topic that the tool supports, the geographic scale of the tool, and a 
projection of the period of time the tool will be supported. It is further recommended that SHC increase 
its effort to integrate tools with attention to interoperability and ability for tools to inform each other and 
to answer research questions. The Subcommittee further recommends continued development of 
innovative decision-support tools by drawing on partner and stakeholder engagement to improve 
dissemination, utility, evaluation, and adaptive improvements of tools. 

EPA Response: We agree with the subcommittee of the need to have an inventory of tools and databases 
and to make these tools more interoperable. SHC has an existing task that will create an inventory of 
software tools and database resources that communities may find useful for making decisions related to 
sustainability. This inventory will include a searchable library of models, tools, components, and decision 
methods applicable to supporting decision-making and will include but not be limited to the four decision 
sectors: land use, materials management, transportation, and buildings and infrastructure. The records 
representing the tools will be included in EPA’s Application Inventory, which contains information regarding 
ORD's scientific, scientific management, and administrative applications, tools, and models. By updating 
records in the Application Inventory, the Registry of EPA's applications, databases, and models will be 
automatically maintained, making it possible for individuals to find ORD tools. ORD recognizes that our tools 
must be integrative and interoperable if they are to be effectively used. The need for greater interoperability 
is motivated by a need to build integrated systems spanning multiple science disciplines. ORD’s goal 
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regarding interoperability is to enable construction of scientifically consistent and coherent environmental 
software systems for multi-disciplinary data integration, decision and policy support, and modeling. For 
more information on interoperability efforts within ORD, see Common Thread #11.  

SHC’s commitment to developing CSAS (see conceptual framework in the figure above), is the culmination 
of SHC’s research program and addresses the Subcommittee’s recommendation for continued development 
of innovative decision-support tools by drawing on partner and stakeholder engagement to improve 
dissemination, utility, evaluation, and adaptive improvements of tools (see Common Thread #5). 

Another important recommendation from the Subcommittee is to (7)  systematically and 
comprehensively evaluate and document feedback from partners and other users of SHC tools in order 
to examine the effectiveness of decision-support tools. Meta-analytical work to assess efficacy of tools 
across diverse community types, along with qualitative narrative development of experiences, would be 
highly useful. Community typological work may be useful in informing selection of cases, rather than ad 
hoc application of tools for communities most able to engage. It appeared to the Subcommittee in the 
September 2015 meeting that more has been done in terms of evaluation and adaptive development 
than was apparent in the documentation provided. It may be that engaging a contractor for this systematic 
evaluation would be useful. 

EPA Response: All of our tools (e.g., Community-Focused Exposure and Risk Screening Tool (C-FERST), A 
Community-Scale Modeling System to Assess Port-Related Air Quality Impacts (C-PORT), Community 
Cumulative Assessment Tool, EnviroAtlas, Decision Analysis for a Sustainable Environment, Economy & 
Society (DASEES), etc.) undergo an extensive beta test period where we reach out to many different types 
of stakeholders to understand the usefulness of the tool. After the beta test, the tool is modified/adapted 
accordingly and then undergoes an external peer review. The peer reviewers have access to the comments 
received during the beta test phase of tool development. We regularly reach out to our partners and 
stakeholders to see how our tools are being used and if they are achieving their intended goals. One of our 
planned tasks is to systematically evaluate our tools and databases for their efficacy and role in advancing 
the concepts of sustainability. Engaging a contractor to conduct this evaluation is under consideration.      

In conclusion, the Subcommittee believes that the activities of SHC are well aligned with the mission of 
the  Program,  and  that  SHC  staff  members  have  demonstrated  considerable  progress  toward  the 
objectives of conducting research and delivering products that improve the capability of EPA to carry out 
its responsibilities. 

Safe and Sustainable Water Resources (SSWR) 

EPA has done an admirable job of aggregating and developing the 2016–2019 StRAP that addresses some 
of the greatest challenges facing the nation's water resources. SSWR is to be commended for its efforts 
to build partnerships with the Regions and address needs the Regions are experiencing. Based on the 
SSWR StRAP, the SSWR is expected to make good progress toward the research objectives in the 2016– 
2019 time frame. 

The SSWR Subcommittee is of the opinion that internal ORD’s coordination apparently is better defined 
and well documented while that is not the case for outside partners and stakeholders. Based on the 
available information, the Subcommittee feels that some important stakeholders are missing from 
consultations. The Subcommittee strongly suggests that a detailed mechanism should be in place for 
coordinating with external stakeholders and should include database of STAR grantees along with 
research areas and topics, topics and projects selection process and criteria, progress measurement and 
intermediate metrics. 
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EPA Response: The SSWR team ensures regular communication with external partners and stakeholders 
through several mechanisms to coordinate research priorities and ongoing activities. One mechanism 
includes co-leadership of the Subcommittee on Water Availability and Quality (SWAQ), a subcommittee of 
the NSTC’s CENRS. The NPD provides this co-leadership. Team members are active participants in 
conversations regarding research priorities and coordination with federal agencies (U.S. Geological Survey 
(USGS), U.S. Department of Agriculture, U.S. Bureau of Reclamation, U.S. Fish and Wildlife Service, U.S. 
Army Corps of Engineers, and others); non-governmental organizations (Water Environment Federation, 
Water Environment Research Foundation (WERF), Water Research Foundation, The Nature Conservancy, 
and others), and states. See Common Thread #2 for further information on how partners and stakeholders 
are engaged throughout the research cycle. Through communications facilitated by SSWR bimonthly 
seminars and monthly SSWR Small Systems webinars, participants have opportunities to hear from ORD 
researchers and from State and Program Office presenters about the most recent research and regulatory 
actions and future regulatory actions relevant to on-the-ground applications. SSWR uses these 
opportunities to refine research priorities and identify contacts for future research and technical assistance 
needs. SSWR is initiating efforts to develop PACTs that will strengthen partnerships, facilitate greater 
continual and two-way communication with partners, enhance ORD understanding of Program 
Office/Regional research needs and priorities, and coordinate—as appropriate—the 
translation/messaging of science to be most useful by decision-makers. 

The SSWR team will follow up with ORD’s NCER regarding the database of grantees and research areas 
and topics. Although this information generally is available on the NCER website, an opportunity for 
improving access is available. 

It was difficult for the Subcommittee to gauge the research needs prioritization process. For example, the 
draft StRAP lacks discussion on relevant large-scale EPA and other federal programs (e.g. endocrine 
disruptor screening program, silico and high-throughput in vitro toxicology); there was no mention of 
consultation with National Institutes of Health, and EPA’s own ToxCast Program. Consultations might have 
occurred but they were not included in the StRAP. So ORD should explicitly discuss how interactions took 
place on these large efforts within EPA and beyond. 

EPA Response: Having recognized the limitations of the research needs prioritization process articulated 
in the draft StRAP, we provided a more thorough discussion in the final StRAP, which is summarized here. 
The Agency’s high-priority research needs were developed with considerable input from and consultation 
with EPA’s OW, OP, OAR, other Program Offices, Regional Offices, and external advisory committees. 
Research priorities were identified through meetings with EPA’s SAB, BOSC, annual SSWR research 
conferences, SSWR program updates, annual meetings of the ORD and OW Assistant Administrators and 
Regional Administrators, quarterly meetings with OW senior staff, visits to Regional Offices, in-person 
‘Chat-Aqua’ meetings with researchers and policy staff, and regular communications with the ORD 
laboratories and centers, OW, and Regional Offices. These efforts produced a prioritized list of research 
needs for the OW and Regional Offices that served as the foundation for the SSWR StRAP 2016–2019 
research goals, the scope of work within the four SSWR Topics (Watershed Sustainability, Nutrients, Green 
Infrastructure, and Water Systems), and the timelines for our research products and outputs. In addition, 
key OW managers and staff and Regional Science Liaisons participated in the SSWR Topic workshops and 
helped identify the research projects and outputs needed to meet program goals and objectives.  

Integration across the six ORD research programs is critical to addressing many high-priority Agency needs, 
and examples of cross-program coordination and collaboration are provided in the final StRAP. For 
example, SSWR supports high-priority OW needs to address chemical contaminants and contaminants of 
emerging concern and their effects on aquatic life. Coordination and collaboration with the CSS program 
is providing opportunities to integrate high-throughput methods in computational toxicology to evaluate 
chemicals and systems-based approaches and predictive tools to advance aquatic life guidelines. 
Additionally, SSWR and the  National Center for Computational Toxicology (NCCT) co-hosted a ‘Chat-Aqua’ 
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for OW in Spring 2016 focused on harmful algal blooms and high-throughput toxicity testing. A follow-up 
technical workshop to develop the scope of work is planned for Fall 2016. 

On nonpoint source pollution, apparently there is a weak linkage between the 319 Grants Program and 
ORD, so a research-level analysis of 319 projects reveals mixed success; hence, there is a need to 
strengthen this relationship either by ORD conducting hands-on research or by ORD providing 
coordination and planning support to assist 319 staff in improving research elements of their projects. 
Further, rigorous analysis of project performance is recommended. 

EPA Response: SSWR can explore the possibilities for assisting OW’s Office of Wetlands, Oceans, and 
Watersheds staff in reviewing 319 assisted projects. However, the disbursement of federal funds to states 
in the form of grants can severely restrict or prohibit ORD involvement. In addition, the nonpoint source 
program indicates many nonpoint source control practices are straightforward, and the expected 
performance of best management practices is documented. ORD tools and models may play a role in 
evaluating the specific analytical issues on an as-needed basis. We are working with the OW to better 
understand and address their needs under the 319 Grants Program. 

The prioritization of some key issues like decaying infrastructure, disinfection byproducts, and potable 
water reuse is not entirely transparent. Similarly, salt management, distribution system corrosion, green 
infrastructure, resource recovery, etc. seem tangentially related to research priorities. Therefore, it is 
highly recommended that SSWR find more tangible and transparent mechanisms to engage all partners 
and stakeholders to identify and prioritize research areas and projects. 

EPA Response:  For identification and prioritization of research areas and projects, SSWR has worked 
closely with our partners and stakeholders throughout the planning process through a variety of 
mechanisms. SSWR will continue to engage the OW and EPA Regional Offices (SSWR’s principal partners) 
through: 
• Quarterly meetings with OW Division management
• SSWR and Small Systems webinars
• Periodic ‘Chat-Aqua’ meetings with OW, other Program Offices, Regions, and other ORD research

programs on current high-priority topics for partners.
• Biannual face-to-face meetings with the OW and Regional Offices (a.k.a. L’eau Down) to assess

current research and chart a course for the coming years.
• Participation through ECOS/ERIS regarding state research needs. ORD has begun a regular seminar

series focused on responding to state-identified research needs. SSWR is participating in these
seminars and associated meetings such as the Tools Cafés, aimed at highlighting specific tools for
states.

• SSWR partners with tribes through the STAR and Regional Applied Research Effort (RARE) programs.
With regard to RARE, SSWR is engaged with tribes in drinking water treatment. Similarly, Centers
for Drinking Water Treatment technologies have been initiated through the STAR program.

SSWR staff hold regular meetings with national research organizations such as the Water Research 
Foundation, WERF, and the Water Reuse Research Foundation (soon to merge with WERF). These meetings 
help prioritize SSWR research and avoid duplicative efforts. SSWR staff regularly communicate with the 
Association of Clean Water Administrators and the Association of State Drinking Water Administrators. 

Additionally, OW and Regional Science Liaisons participated in the August 2015 face-to-face BOSC 
Subcommittee meeting to provide information on partner priority needs. A panel session is also planned for 
the August 2016 meeting that will focus on the Water Systems topic of the SSWR research program. This 
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meeting coincides with the Annual U.S. EPA Drinking Water Workshop for Small Drinking Water Systems8, 
which provides the BOSC members an opportunity to also hear directly from researchers, certified water 
systems operators, small systems owners, and state regulators of small drinking water providers. 

The development of water simulation models has been a strength of EPA; indeed most of the water quality 
simulation models in use today are models that have developed through EPA. These models generally 
have been constructed with a focus on process description, but unfortunately there has been little 
consideration of uncertainty analysis as a standard component of these simulation models. The 
Subcommittee is of the view that model utility can be improved by routine assessment of prediction 
uncertainty. One approach to interoperability of models and tools is to build a comprehensive model that 
includes and links water and socioeconomic simulations. An alternative approach is to build an uncertainty 
model with consideration of seamless integration with other models. Similarly, measures of success can 
be identified at several levels, such as number of downloads and /or number of cited applications of each 
model, number of attendees at modeling short courses, and number of approved Total Maximum Daily 
Loads (TMDLs) based on EPA-supported models. 

EPA Response: EPA is a recognized leader in the development and application of environmental water 
quality models for research and regulatory support. We recognize that there is little consensus in the 
scientific modeling community about how best to quantify model uncertainty, as well as for the skill and 
performance needed for decision-making. Further, we realize that efforts to develop and apply consistent 
model uncertainty analyses has not kept pace with the development of bigger, more complex, and more 
highly parameterized models. The SSWR research program supports the Subcommittee recommendation 
to improve routine assessment and reporting of model uncertainty. As research projects develop and 
evolve with the SSWR StRAP, we will emphasize addressing the various aspects of model uncertainty, 
including structural uncertainty, parameter uncertainty, and scenario uncertainty. We also will assess the 
advantages and disadvantages of building a single comprehensive model versus developing an ensemble 
model approach (analogous to the ensemble of hurricane prediction and tracking models) to support 
research and regulatory needs. 

Additionally, EPA has established the Environmental Modeling (E-Mod) Community of Practice (CoP) as a 
cross-Agency effort to promote Agency-wide coherence on modeling issues, enhance the Agency's 
modeling programs, and prepare EPA for the next generation of environmental modeling science, 
operability, and performance needs. The E-Mod CoP is facilitated by EPA’s Office of the Science Advisor. 
ORD SSWR scientists, who are actively engaged in the E-Mod CoP, were recently awarded support for a 
research proposal to develop guidelines for quantifying and reporting water quality model uncertainties. 

Concerning resource recovery and water reuse, SSWR plays a vital role in assessing cumulative human 
health and environmental impacts in contaminants in treated resource water and bio solids. Further, 
SSWR can help change the current mindset through adopting the new term “Resource Water9” instead of 
“Wastewater”. The Subcommittee strongly recommends that SSWR should continue to play a central role 
in assessing cumulative human health and environmental impacts of contaminants in reclaimed water 
and biosolids. SSWR, however, should consider whether a specific technology is best developed within 
EPA or within the private sector. In general, government research is best focused on emerging 
technologies that can require considerable study before moving into private research and development. 

8 https://www.epa.gov/water-research/13th-annual-us-epa-drinking-water-workshop 
9 Resource water (wastewater or sewage in old terminology) is a complex mixture of water and inorganic and organic 
solids in the form of inert material, ammonium, nitrate, phosphorus, etc. Reclaimed water, on the other hand, is just 
one of the components of the resource water; other extractables may include biogas, biosolids, nutrients, and heavy 
metals. Resource water is a more appropriate terminology to reflect economic benefits. 
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EPA Response:  We agree with the BOSC Subcommittee that specific technologies are generally best 
developed within the private sector. In the view of the Agency, water technology development activities 
conducted in partnership with the private sector provide a powerful model for success. Since many water 
technologies fail to succeed in the marketplace, whether publicly or privately developed, there is an 
imperative to work together. Congress and the President have provided the Agency with strong support 
and directives to translate its research into valued products and services in the marketplace through 
legislation such as the Bayh-Dole Act of 1980. SSWR, through the Water Technology Innovation Cluster 
(WTIC) is working with communities that are aligning their water related assets more closely to support 
this type of technology development. WTIC searches for ways to bridge the technological gap between 
fundamental (e.g., bench- and pilot-scale) research and bringing new technologies to market. The current 
SSWR research portfolio continues to focus on fundamental aspects of emerging technologies and WTIC 
works closely with governmental and private sector entities to move technologies to the marketplace. 
SSWR also works through NCER’s STAR program, and the Small Business Innovation Research (SBIR) 
program to help advance water technology development. SSWR works closely with STAR and SBIR to 
ensure that high-priority research needs (based on partner and stakeholder input) are addressed in 
Requests for Applications for extramural research funding. For example, mimicking the same basic 
principles of nature’s nutrient cycle, Green Technologies, a 2015 Phase I SBIR award winner, has developed 
a slow-release fertilizer containing 100% organic nitrogen made from nutrient-rich by-products, called 
GreenEdge. The patented nutrient recyling process converts biosolids from water treatment facilities into 
effective and environmentally friendly fertilizers to safely return valuable nutrients to the soil. Additionally, 
the fertilizers are “specially formulated to eliminate the nutrient leaching and runoff that makes many 
synthetic fertilizers so damaging to the environment.10” And this nutrient recycling does more than just 
help the surrounding ecosystems it also contributes to communities becoming more resource efficient and 
reducing monetary spending, water usage, and landfill space. 

Many EPA developed technologies address specific Agency needs that create new markets and are 
generally unaddressed by the private sector. For example, SSWR has invested in development of microbial 
source tracking technologies to better characterize fecal pollution in the nations water bodies. This 15 year 
research investment has been successful. The technology has now been patented by the Agency and is 
licensed to two private sector companies, several universities, and a growing number of government 
laboratories. Importantly, the WTIC program recognized the need for standardization of the method and 
provided support for a method validation study to put the method on track to become an EPA method. 
Further standardization processes are being pursued with the National Institute of Standards and 
Technology (NIST). Once the EPA method process is completed, uptake of the methods will expand. 

Another technology being supported by SSWR is a thermo-oxidation treatment process for biosolids whose 
application is in small wastewater plants. As a rule, small wastewater treatment plants are not a priority 
research area. This is a unique technology with a niche application. The Agency, through the WTIC, is in 
the process of working with the private sector to commercialize this solution.  

The Subcommittee found that the various efforts undertaken by SSWR to convey to stakeholders the 
results and utility of its research programs can be generally categorized as efforts in communication about 
risk and risk management. The risks of interest pertain to human and ecological health and to the viability 
and sustainability of water systems and watersheds. SSWR is encouraged to consult several reports on 
this topic that are detailed in Appendix 1.c to improve these efforts. 

EPA Response: SSWR agrees with the BOSC Subcommittee that our communication efforts could be 
expanded. We are initiating communication planning to achieve this. Further, as described in Common 
Thread #2, SSWR is initiating a PACT process that will aid in communicating the results of our program to 
our partners. We plan to expand our stakeholder outreach to include more K–12 efforts and to build 

10 http://www.green-edge.com/nutrient-recycling/ 
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extensive, targeted stakeholder lists. During the planning, we will refer to the Subcommittee’s 
recommended reports detailed in Appendix 1.c. 

Chemical Safety for Sustainability and Human Health Risk Assessment (CSS/HHRA) 

CSS 

The CSS research program is a showcase of EPA innovation; it has the potential to be truly transformative 
of the work of EPA and of entire fields of science. The program’s research is directly responsive to the 
recommendations of the National Research Council on toxicity testing (2007). The research objectives are 
ambitious, and the program is on track to meet their objectives in the 2016–2019 timeframe. 

EPA Response: The CSS program appreciates this feedback and encouragement by the Subcommittee 
members. CSS remains committed to advancing the leading edge of science in this area and continuing to 
engage the National Research Council and the broader scientific community to seek counsel as it continues 
to develop this science further and integrate its applications into EPA’s decision processes. In the segment 
below, we have provided additional responses to the specific feedback from the Subcommittee. These 
responses are grounded, as expected, on the availability of resources and continued support for disruptive 
and transformative research at EPA. 

The ToxCast project is a central effort within the CSS research program and it has provided a plethora of 
useful data. However the assays were originally designed for the evaluation of pharmaceuticals rather 
than for chemical risk assessment. The program recognizes this weakness and is developing assays to 
enhance high throughput and medium throughput evaluation. The Committee was encouraged to learn 
about new assays recently developed for thyroid dysregulation and for neurotoxicity. New assay 
development needs to continue in order to address gaps in the chemical evaluation effort. 

EPA Response: As articulated in the CSS StRAP, CSS will continue to develop new assays, approaches, and 
computational tools to expand the space of biology and chemistry it covers. For example, EPA recently 
released data on 2000 ToxCast chemicals for a high-throughput assay for thyroid activity using inhibition 
of thyroid peroxidase. The assay was modified using a fluorescent substrate, resulting in an assay that 
produces a stable signal and can be scaled to be high-throughput. This assay was developed in response 
to a high priority need in several EPA programs including the Endocrine Disruptor Screening Program. 
Additional thyroid relevant assays such as a radioactive iodide uptake with human NIS-expressing cell lines 
have also been developed and are currently being evaluated. Through its collaborations with the Tox21 
program, it will also take advantage of innovations developed by other federal partners and international 
collaborators. HHRA scientists are working collaboratively with CSS to employ similar strategies in 
evaluation of other tissues. 

CSS faces significant challenges as it scales up its research efforts. For example: 

1. Transitioning from qualitative modeling to quantitative modeling of adverse outcome pathways could
provide more effective integration of high-throughput testing data with risk assessment, but it would
require significantly more data, including dynamic data with respect to both concentration, time and
change in environmental conditions.

EPA Response: CSS recognizes this concern and agrees with the Subcommittee’s observations. This is
a challenge we hope to begin to address through design of relevant physical and computational
experiments, novel approaches to integrating and extrapolating from diverse data streams, and
through collaborative engagement of the broader scientific community. With an initial focus primarily
on a subset of the endocrine pathways (estrogen, androgen, and thyroid), we have marshalled
resources to advance these areas with the goal to be as quantitative as possible – iteratively evaluating 
what additional data and models are required. This area is also being expanded to include Aggregate
Exposure Pathways, which is consistent with the 2012 NAS report on Exposure Science in the 21st
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Century11. We are also working to enhance engagement, build community, and converge on language, 
definition, expectations through targeted workshops and scientific meetings and other forms of 
outreach. For example, EPA is the co-lead for the Adverse Outcome Pathway (AOP) Development 
Programme under the Extended Advisory Group on Molecular Screening and Toxicogenomics at OECD 
and as such plays a key role in advancing uses and applications of mechanistic information for both 
future testing and assessment needs. One output of this group that EPA played a lead role in is the 
AOP Wiki12, which has provided an environment for international collaboration and data sharing, and 
is poised to help advance this field through knowledge sharing. 

2. Extrapolating across species will be necessary for ecological risk assessment, but will also require
extensive additional data, including molecular target assays across species and genomic data on a
variety of representative organisms as well as experimental data.

EPA Response: CSS agrees with this observation as well. We have made a concerted effort to bring
resource, expertise, and attention in this area, both through strategic planning/recruitment, as well as
through leadership provided by senior members of the ecology divisions in our labs. Our ecology labs
have critical expertise that span experimental (including molecular) and computational toxicology and
field/observational studies. Through this intramural research and collaborations with academia and
other federal partners (in particular USGS), we are able to extend this expertise further. Additionally, in
concert with the SSWR national research program and EPA’s Program Offices (water, toxics, and
pesticides) we have begun to evaluate and prioritize work in this area. Again with primary focus on the
subset of endocrine pathways, we hope to make substantial progress in these areas in the coming
years by a) making effective use of existing data to build capacity in cross-species extrapolation; and
b) strategic development of the data and assays that can address the most critical needs and scientific
uncertainties related to understand relative risks across species. The in silico tool, “sequence
alignment to predict across-species susceptibility (SeqAPASS)” is used also to evaluate where the
largest uncertainties exist and inform and prioritize these strategies.

3. Determining the combined effects of chemicals in mixed systems will also be important but will
require a major focus on interactions among multiple chemicals and substances such as
nanomaterials.

EPA Response: CSS is most interested in and focused on ‘realistic’ exposure scenarios that have
biological relevance. As such, our evaluation of ‘combined effects of chemicals’ is not ad hoc. Instead,
it is anchored in observations of mixed exposures in the environment, indoors, and outdoors. In this
manner we hope to focus our research on understanding these effects and relevant interactions. In a
number of projects in CSS, we have used case studies to develop appropriate methods to study these
interactions. In the AOP project, for example, through collaborations with the Great Lakes National
Program Office, OW, and Region 8, we are developing ‘effect-based’ approaches to evaluate the
combined effects of pollutants found in open waters. This research has helped inform the
development and application of novel assays, prioritize development of AOP knowledge, and guided
site-specific field monitoring efforts. This is a nascent area of research in CSS, which we hope to evolve
significantly in the coming years. 

4. Virtual tissue models have the potential to be important for predicting biological responses in
relevant species, but in the absence of a contribution back to chemical evaluation or adverse outcome
pathways they could be perceived as an academic exercise. For these reasons, case studies could
be helpful in demonstrating that biological activity in ToxCast translates to biological properties in
virtual tissue models, and in turn to apical endpoints in vivo. Selection of new ToxCast compounds

11 http://www.nap.edu/catalog/13507/exposure-science-in-the-21st-century-a-vision-and-a 
12 https://aopwiki.org/wiki/index.php/Main_Page   
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should consider real-world data on chemical exposures as well as the requirements of modeling, 
including tissue and QSAR models. It will be important to have data on a wide array of chemical 
structures to appropriately build and test the models. The Subcommittee also supports the use of 
program resources to develop and improve exposure models. 

EPA Response: CSS has heard this feedback from the Subcommittee and taken it under serious 
consideration. We will work to better articulate and enhance the flow between the Complex Systems 
Science and the Chemical Evaluation Topic Areas – anchored on the Virtual Tissues Models (VTM) 
project. We have incorporated case studies to demonstrate that the biological activity in ToxCast 
translates to biological properties in virtual tissue models and relevant in vivo responses. However, 
when working with VTMs, the biology becomes rather specific to the model. This creates a significant 
need for transdisciplinary approaches that include an understanding of the practical connections to 
real-world exposures, as well as exploration of innovative connections underlying the dynamics of 
complex biological systems. Expertise in computational biology and high performance 
computing/analytics will be required to evaluate the impacts of the environment on human health. 
We are exploring some of these areas in collaboration with our STAR Grantees in the Organotypic Cell 
Models13. We hope to report on this progress at the next meeting of the Subcommittee in 2016. At 
that meeting we will also present CSS’s current efforts and path forward in exposure science. 

5. The CSS lifecycle analytics effort is extremely ambitious; the effort has many strengths and has
the potential to be successful. Success will depend, in part, on having toxicity screening data on a
large pool of chemicals and other compounds, and having a strong program in computational
chemistry and biology that can help develop capability to predict adverse outcomes for new or
emerging chemical systems. Another area of active research that requires attention is the
incorporation of metabolic capacity, or testing of metabolites, in the screening programs, as
metabolites may be the toxic entity for many chemicals.

EPA Response: CSS agrees that the Life Cycle Analytics Topic Area is ambitious. We will continue to
generate and make publically available data using a variety of in vivo, in vitro, and in silico approaches. 
We have recently enhanced the computational chemistry capacity in CSS through strategic hires in
NCCT and development of a community of experts and practitioners across CSS and in collaboration
with Program Office scientists. We are making similar and commensurate efforts in computational
biology and informatics across CSS. The goal is to develop and integrate pathway- and network-based
approaches across CSS that are predictive for existing and emerging materials.

In addition, we are expecting the first stage of results from the new innovation ‘challenge’ to add
metabolic competence to the ToxCast assays later this year14. This challenge, coupled with other
efforts in the human and ecological research areas to better understand the role of metabolism,
evaluate/test metabolites, and computationally model and catalogue them will help CSS move farther
along in this important area.

6. As CSS research projects are updated and refined, CSS should implement a system to clearly
communicate to users when changes are made to databases and tools, and to describe the nature of
such changes. An ongoing investment in training and educating the user community on CSS data
and tools will remain critically important in order to assure that the research will be used
appropriately to help protect human health and the environment.

EPA Response: Thank you for this feedback. CSS will work to improve and increase communication,
outreach, and training around its databases and tools – in particular as they evolve. Based on the
feedback received at the Subcommittee meeting, we have begun exploring ways to better capture and

13 https://cfpub.epa.gov/ncer_abstracts/index.cfm/fuseaction/recipients.display/rfa_id/577 
14 https://transformtoxtesting.com 
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communicate versioning information and have developed additional training modules and outlets. We 
look forward to discussing this further at the next BOSC Subcommittee meeting. 

HHRA 

The Committee was favorably impressed by the breadth and depth of the HHRA Research Program. The 
program provides a service that is cross-cutting and fundamental to informing decisions both within and 
outside the Agency. HHRA is moving forward to implement important recommendations of the National 
Research Council on risk assessment (2008), and is propagating an open and transparent approach to 
efficient use of technological tools for risk assessment. The Committee especially commends the HHRA 
program for its work on understanding susceptibility and vulnerability, including through the application 
of genetic and epigenetic data, as well as its work to incorporate non-chemical stressors into cumulative 
risk assessment. EPA partners highlighted the key role of HHRA in emergency response, with several 
recent examples demonstrating substantial support to EPA regional offices. 

EPA Response:  HHRA appreciates this support by the Subcommittee members. The HHRA program is 
committed to serving that pivotal role in the ORD portfolio of translation and characterization of new tools 
as they mature into risk assessment applications, which includes building both confidence in these new 
tools and capacity of our Program and Regional Offices to apply them consistently and appropriately. 
Understanding how to factor sustainability and vulnerability is a critical aspect of such characterizations 
and communication, and the HHRA portfolio includes a task devoted expressly to this topic that explores 
genetic and epigenetic data (Task 6.3). The HHRA portfolio has also positioned tasks to provide HSRP and 
the ORD Science Advisor with rapid and reliable risk assessment support. 

Key recommendations for the HHRA research program include a need to develop acute or non-lifetime 
reference doses/reference concentrations for some chemicals, as feasible and warranted by the decision 
context. HHRA should also explore using CSS tools to develop preliminary risk-based screening levels for 
data-poor chemicals that have been detected in communities, in water, or at contaminated sites. The 
HHRA online tools could benefit from a guidance document or navigation guide that considers the 
different levels of expertise of the intended users. HHRA outreach efforts should also include the National 
Institute of Environmental Health Sciences (NIEHS) Superfund Research Centers as a way of propagating 
risk assessment research into the Regions. 

EPA Response: The HHRA program is especially grateful for the recommendation regarding acute or non-
lifetime reference values because our program partners have been urging and promoting this 
recommendation for acute or non-lifetime assessments as well.  To that end, the HHRA program in January 
2016 convened a scientific workshop entitled “Temporal Exposure Issues for Environmental Pollutants: 
Health Effects and Methodologies for Estimating Risk”15 that convened disciplinary science experts and 
risk assessors from various sectors including the states to discuss how to incorporate advances in exposure 
science and health effects into revising assessment methods. The proceedings of this workshop will inform 
and advance the development of methods for addressing the differences between dose regimes in animal 
testing and temporal patterns of human exposures in the human health risk assessment process.  The FY16-
19 StRAP portfolio for HHRA has a task pursuing case studies based on specific chemical-space properties 
and route of exposure with relevant or critical endpoints (e.g., respiratory, developmental / reproductive) 
that will explore concentration-duration-response surface modeling as a means to formally integrate these 
variables into derivations and which can pilot application of new approaches. Additionally, the Integrated 
Risk Information System (IRIS) assessment program which is covered by HHRA Project 1, but was not 
reviewed by this BOSC, is adding subchronic toxicity values for two chemicals currently under review as 
recommended by its Chemical Assessment Advisory Committee (CAAC), and anticipates more derivations 
that address the risk of less-than-lifetime exposures in the future. 

15 https://cfpub.epa.gov/ncea/workshops/recordisplay.cfm?deid=310470 
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The characterization of CSS tools applied to risk assessment is a major area of integration between the two 
programs.  HHRA scientific staff serve on the CSS task demonstrating and evaluating rapid assessment tools; 
in concert, HHRA has a task devoted to building confidence and characterizing the utility of these tools to 
derivation of peer-reviewed toxicity value (PPRTV) assessments and other assessment products. HHRA has 
also established a joint CoP with CSS to review, advance, and accelerate the application of AOPs to inform 
mode of action and construct a consistent approach to evidence integration efforts across all of its 
assessments, including: PPRTV assessments, IRIS assessments, Integrated Science Assessments (ISA) or rapid 
risk assessments. The HHRA task on dosimetry and disease-based data integration will also work closely with 
efforts on rapid exposure and virtual tissue projects in CSS to dovetail approaches that link detailed dosimetry 
with AOP and virtual tissue descriptions. HHRA will provide a brief status report on this work at the BOSC 
meeting scheduled for November 2016. 

Regarding guidance documents or navigation tools for its online tools, the HHRA program welcomes this 
recommendation and considers development of navigation tools and guidance documents to be evergreen 
and always evolving in order to keep its users updated on recent developments.  We will evaluate our existing 
navigation tools and guidance support to ensure this end. 

Regarding outreach efforts to include the NIEHS Superfund Research Centers, the EPA agrees that this is a 
very useful interaction and will continue to pursue collaborations. There are opportunities for collaboration 
and discussion with NIEHS related to risk assessment as highlighted by the BOSC. These are also related to 
the site-specific community research in HHRA and SHC, including piloting the application of new approaches 
being developed via these research centers to both address needed characterizations at specific sites but to 
also build confidence in the utility of emerging approaches for risk assessment. For example, the work at 
Oregon State University on dosimetry and effects-based modeling across a large number of Polycyclic 
Aromatic Hydrocarbons will help advance new approaches to relative potency applied in risk assessment for 
a large chemical class. Further, the HHRA NPD and other senior scientific staff currently serve on various 
Superfund Advisory Committees and will continue to work with NIEHS on other efforts by specific topic area.  

Homeland Security Research Program (HSRP) 
The Subcommittee found that the HSRP StRAP clearly defines strategic goals and objectives over the next 
few years. The topics and project areas are well planned and organized. However, HSRP is often is called 
to respond in a timely and efficient manner to unforeseen hazards and disasters, such as the Ebola 
outbreak, cyberattacks on water utilities, and the Elk River chemical spill. It is difficult to plan for resource 
use during these emergencies, however without doing so, the ability to make progress on all objectives is 
threatened. The Subcommittee recommends that the Program develop a process and strategy that allows 
responses to, and prioritization of, unforeseen and emerging needs while ensuring that good progress can 
be made on StRAP research objectives. 

EPA Response: HSRP‘s mission requires the program be responsive to important, emerging issues while 
staying true to planned activities. HSRP will continue to balance these demands by nurturing partner 
involvement in the planning and execution of the research program. Further information regarding how 
ORD balances the needs of planned and unplanned work, see Common Thread #9. Often the emerging 
issues are brought to HSRP by our partners who ask us to adjust our work to accommodate this new issue.  
Frequently, an emerging need may be addressed through slight changes to already planned work, which 
minimizes impacts on the planned research. HSRP partners clearly understand that emerging, unplanned, 
high priority needs may delay planned work, while the close relationship of HSRP with these partners 
fosters effective communications of such challenges. 

In addition, because of the severity of the threat of cyber-attacks, the Subcommittee recommends that 
the Program’s research schedule should be modified to prioritize cyber security research ahead of other 
areas to counter the continuous and ever-increasingly sophistication of cyber-attacks that plague utilities. 
As utilities interconnect formally disconnected systems to increase efficiencies, they create an ever 
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expanding attack surface – often without understanding the impact and risks. As very few utilities have 
staff prepared to deal single-handedly with chemical or biological attack remediation, knowledge of cyber 
security is limited in the utility space; consequently research and guidance is needed from HSRP. 

EPA Response: HSRP appreciates the BOSC’s advice and the potential severity of the impacts that cyber-
attacks on water systems could have on public health and the economy. In March of 2016, HSRP convened 
a workshop as a direct result of a recommendation from the BOSC Subcommittee to prioritize cyber 
security issues and move the research topic ahead in the timeline (see Appendix C).   The focus of this 
meeting was to discuss scientific gaps that water utilities see in their ability to manage cyber risks. Next, 
the program will address the gaps that are amenable to HSRP’s mission and integrate them as high 
priorities into our planning. HSRP will continue to seek BOSC advice as we develop research to address 
cyber threats. 

HSRP has done a good job transitioning research to the end user, particularly through the development 
of validation tiers for chemical sampling and chemical analytical processes, tracking visits to tool websites 
to assess popularity, and the collection of Selected Analytical Methods which appears to be widely used. 
The Subcommittee recommends that the Program develop tools for end users that can be routinely 
operated and maintained, and have ‘multi-use’ or ‘all hazards emergency response’ capabilities where 
appropriate. For example, with regard to Water Quality Surveillance & Response Systems, develop a plan 
for supporting deployed tools with future updates, and minimize the number of development platforms 
to improve interoperability and functionality. In addition, the Subcommittee recommends that HSRP 
develop validation and/or readiness measures to establish awareness and manage expectations among 
end users of the expected performance of the analytical tools, decontamination response methods, and 
software tools produced by HSRP. 

EPA Response: We appreciate the BOSC’s push for our tools to be widely applicable and easily executed. 
While many HSRP tools are applicable to multiple hazards and are built on a common, accessible platform, 
we will assess our current tools and those in development for opportunities to improve interoperability, 
and applicability to numerous threats, see Common Thread #11 for more information on how ORD is 
approaching interoperability issues. HSRP will continue to seek the BOSC’s advice on this topic. 

We appreciate the BOSC’s advice that HSRP improve transparency about the state of development of our 
products; however, we respectfully disagree that we should label each step of their development and 
deployment with technology readiness levels (TRL) such as those employed by the Department of Defense 
or National Aeronautics and Space Administration to inform their multi-million dollar acquisitions. HSRP’s 
mission is to develop scientific products for EPA users. These end-users are involved in the entire research 
life-cycle from gathering needs, conducting research, to transitioning products to the user. Therefore, our 
users are intimately familiar with the state of development of our tools. Rather than employing a TRL 
approach, HSRP plans to continue to improve the awareness of our research as well as manage the 
expectations of our end-users through additional technology transition activities with partners and 
stakeholders. Specifically, HSRP will expand its efforts to take research from the lab and pilot scales to the 
field-scale in collaboration with our partners, and use these opportunities to communicate the expected 
performance of the tools and methods developed by the program. 

In conclusion, the Subcommittee recognizes that the activities of the HSRP are well aligned with the 
mission of the Program and that HSRP staff members have shown considerable progress toward the 
objectives of conducting research and delivering products that improve the capability of EPA to carry out 
its homeland security responsibilities. 

REVIEW OF CROSS-CUTTING ROADMAPS 
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Introduction 

In addition to its six national research program areas, ORD has established four cross-cutting programs. 
The goal of these cross-cutting programs is to improve effectiveness and efficiency by integrating research 
that is found in several of the research programs, i.e. integrate across the “stove-pipes” of the research 
programs. These four cross-cutting programs are Integrated Nitrogen, Children’s Health, Climate Change, 
and Environmental Justice. Each program prepared a Roadmap planning document. The BOSC reviewed 
the former two Roadmaps previously (provide reference), and provides a review of the latter two below. 

 
In general, the BOSC Executive Committee is pleased to see that ORD has made progress on establishing 
these important, integrative, cross-cutting programs. We found that the Roadmaps for Environmental 
Justice and Global Climate Change would benefit from continued attention to improvement. The 
Environmental Justice Roadmap needs minor revisions to tighten and improve its problem statement, 
additional detail on how it selects priority research areas, and a more systematic method for identifying 
gaps and o utcom es. Several other  recommendat ions are  a r t i c u la te d  below. The BOSC 
Execut ive Committee recommends that the Global Climate Change Roadmap be revised significantly, 
and be reviewed again by the BOSC. Comments and recommendations to contribute to the improvement 
of the Global Climate Change Roadmap are found below. 

 

Environmental Justice 

Charge Question 

How effective is the draft Environmental Justice Research Roadmap in presenting a problem statement, 
elucidating key research topics and important scientific gaps appropriate to the mission of the EPA, 
capturing relevant research in each of the six programs, and identifying areas of integration across the six 
programs? 

 
General Comments 

The BOSC was impressed overall with the Environmental Justice Research Roadmap and finds that it 
presents an ambitious and relevant cross-cutting research agenda. In general, the BOSC cautions that use 
of the term “minority” as used in the Roadmap is often not appropriate, especially when it is used to 
describe communities or regions where the relevant population actually represents a majority. It is more 
accurate to refer to communities at social and economic disadvantage or to be specific about issues 
relevant to race or ethnicity. Members of the BOSC also noted that the references include only two 
academic peer-reviewed papers, and no references to the extensive literature, from both social science 
and biological science perspectives, on the topics of environmental justice and wellbeing. Including a few 
selected influential publications would signal EPA’s awareness of the breadth and depth of scholarly 
literature in the environmental justice arena. 

EPA Response: We have edited the document to more accurately describe the overburdened communities 
of concern, referring directly to communities of color or other more specific descriptors. We have also 
added academic references where appropriate to describe conditions characterizing environmental 
injustice, ORD research that is applicable to Environmental Justice (EJ), and especially to contribute to the 
expanded discussion of research gaps. Our hope was that the hyperlinks to EPA and other source 
documents would provide access to that broad literature, but appreciate that a reasonable level of primary 
references is critical for the EJ Research Roadmap as a stand-alone document. 

In addressing the charge, the Committee divided the charge question into five sub-questions, which are 
addressed individually below. 

 
How effective is the draft Environmental Justice Research Roadmap in presenting a problem statement? 
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The problem statement is presented in two places in the report and the two statements do not appear to 
be well aligned with each other. The “problem formulation statement” (p.4) is a broad statement of the 
goal of ORD research addressing environmental justice (EJ); the goal should be preceded by a statement 
that identifies and articulates the existence of EJ problems, such as the presence of environmental health 
disparities, greater risks facing particular populations, and/or greater exposure to the potential impacts 
of climate change, none of which are presented in the “Background” section of the Roadmap. The 
“expanded problem statement” (p.8) includes a recognition that “environmental risks are often greater 
for low-income and minority communities” due to proximity to chemical toxicants and non-chemical 
stressors, and the statement offers suggestions for the causes of these stressors, such as inadequate 
housing, transportation, and resource access. This latter broad problem statement, however, does not 
easily translate into a clear and concise justification for the science challenges agenda that is presented 
immediately below. The two problem statements could be harmonized to better articulate a single, 
concise problem statement that motivates the research roadmap. In addition to the above discrepancies, 
the issues discussed in the expanded problem statement relate to research in many other agencies and 
academic institutions. Hence, it would be helpful to more clearly articulate ORD’s unique role and 
contribution to the EJ research agenda. 

 

 
 

EPA Response: We will harmonize the initial and expanded problem formulation statements, putting 
greater emphasis on the threats or challenges faced due to environmental injustice. In adding academic 
references (see above), we will more clearly articulate the role of science in identifying and addressing 
environmental justice issues. This should provide stronger justification for the cross-cutting research with 
ORD and EPA’s areas of expertise. EPA recently released the final draft EJ 2020 Action Agenda Framework 
which further defines EPA’s focus on environmental justice for the next five years. This framework will aid 
EPA in focusing our efforts to advance environmental justice in the communities we serve, in part by 
strengthening our collaborations with federal partners, communities, and other stakeholders to enhance 
science tools for considering environmental justice in our decision-making, but also in problem formulation 
for future EJ-related research.  

 

How effective is the draft Environmental Justice Research Roadmap in elucidating key research topics 
appropriate to the mission of the EPA? 

 
The EJ Roadmap identifies four science challenges that form the basis for the key research topics. The 
research topics fit appropriately in an EJ Research Roadmap, as they are clearly within ORD’s expertise, 
they are related to the interface between environmental justice and scientific research, and they address 
priority issues for many EJ communities. However, the research topics may not reflect the full breadth of 
environmental justice issues and their drivers, and it is not immediately clear to the BOSC how these four 
issues were selected and prioritized. For example, research related to tribal sustainability and wellbeing 
is given particular emphasis as a scientific challenge and research topic, but issues of sustainability and 
well-being in other under-resourced and challenged communities (such as those with significant 
incidences of poverty, racial and ethnic minorities, political disenfranchisement, and other marginalized 
communities) are not called out in the same way. The BOSC recognizes that other communities will be 

Recommendations 

1. The BOSC recommends revising the problem statement by putting all relevant discussion in one 
place, and including three key components: 
a. a clear articulation of the threats posed by the problem(s) similar to that in the ‘expanded 

problem statement’; 
b. a strong justification for a cross-cutting research roadmap within the areas of expertise 

represented at ORD related to environmental justice; and 
c. a purpose statement that is similar to the statement on p.4 but more focused. 
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included in research programs, particularly as they relate to research topics such as decision-support tools 
for identifying concerns, understanding environmental health disparities, and community-scale 
vulnerability to climate change. But the articulation of the key research topics does not include this level 
of specificity, nor does it address the scope of potentially targeted communities or the process for 
identifying these communities. There may be reasons for devoting an entire area of focus to the Tribes, 
but the reason for this is not immediately clear on reading the Roadmap. Neither is it clear why the EJ 
Roadmap excludes specific areas of research targeting other EJ communities, or the issue of contaminated 
sites, which is of ongoing central importance and is discussed further below. 

The second research topic (“Improving our understanding of environmental health disparities and 
developing methods and data for assessing cumulative risks”) includes a brief discussion of some of the 
social and environmental determinants of health, including chemical exposure, but the characterization 
of the drivers of environmental injustice appears to be oversimplified and incomplete. Figure 2 ignores 
other drivers that are likely to impact EJ outcomes, such as poverty, income inequality, political 
marginalization, linguistic isolation, lack of awareness, and poor infrastructure. Although it is clear that 
the EPA has little purview over many of these drivers, they should be included in the discussion as relevant 
to the research program, along with a recognition by ORD that the EPA cannot possibly tackle many of 
these other drivers that are clearly outside the EPA’s mandate and purview. The narrow emphasis on the 
built environment, social environment, and biological factors does not appear to fully address the causes 
of exposure to risk that affect health and wellbeing in a comprehensive way. Further, we suggest 
consideration of the contested nature of environmental justice issues, particularly health impacts of 
environmental contamination and toxic exposure. While illuminating the multiplicity of factors driving 
disadvantaged conditions, the power dynamics often leave the burden of proof on overburdened 
communities. 

EPA Response: We will include expanded discussion of the drivers for the four science challenges.  

With the expanded emphasis of multiple EPA Administrators on environmental justice, ORD’s research 
programs have greatly increased their attention and application of resources to the drivers of health 
disparities; community-engaged research for children’s health, community health, and well-being; advance 
methods to characterize cumulative risk assessment; and visualization tools that allow users to identify 
locations with disparities in environmental quality, and the development of EPA’s role with partner agencies 
to address resiliency and preparation for stressors associated with climate change.  At the same time, citizen 
science efforts, including a growing understanding of how to use inexpensive monitoring technology has 
emerged across the programs to potentially serve all communities.   

These and other efforts are captured in the EJ Roadmap in its role as an inventory of existing research and 
guide for interested parties to find that research. The science challenges named in the EJ Roadmap act as 
heuristic pointers more than the prioritized research of a fully coherent research program systematically 
addressing science issues needed to address environmental justice. That said, we will argue that these 
science challenges do lay out the essential categories of research needed, with the climate justice research 
efforts pointing the way toward what more integrated projects addressing community issues can and 
should look like. We say this because climate justice research is addressing pressing issues that are 
appropriate at a national scale, focusing on overburdened communities with contaminated sites and other 
facilities at risk of damage from the potential impacts of climate change, propagating through to damage 
to communities themselves. 

Recommendations 

1. Describe in the Roadmap how the four priority research areas were selected.
2. Expand Figure 2 and the text to incorporate a description of the broader array of social and

economic drivers of environmental injustice.
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The Tribal research is separated out because of EPA’s Congressionally mandated responsibilities to the 
tribes. EPA’s Policy for the Administration of Environmental Programs on Indian Reservations adds to 
Executive Order 12898 and EPA’s Plan EJ 2014 (and updated EJ 2020) to place special emphasis on tribal 
issues. This is described in EPA’s Policy on Environmental Justice for Working with Federally Recognized 
Tribes and Indigenous Peoples16. We will add text to explain the particular status of the tribes in the EJ 
Roadmap. 

We have deleted Figure 2 but expanded the text to incorporate the complex diversity of issues that 
potentially result in the disparities that characterize environmental justice, including references to Sacoby 
Wilson’s Ecological Framework for EJ and Clarence Gravlee’s description of ecosocial theory for social 
epidemiology and Ernston’s discussion of the social production of ecosystem services17. We acknowledge 
EPA’s role in addressing these and the partnerships that might allow for holistic approaches as well as 
where some of the more mechanistic science (e.g., exposure and effects-based approaches) can inform 
and refine understanding of the determinants of disparity. We note that some of SHC’s case study 
applications (e.g., Health Impact Assessment) are designed to identify not only the issues that the Agency 
directly addresses but, rather, the broad range of issues that are addressed by other federal, state, and 
local government entities as well as community groups and non-governmental organizations. We believe 
that this development of structured, holistic decision approaches and the tools to deliver the information 
to address decision objectives comprise areas where EPA science and technology can make a difference. 

In addition, SHC is working with Regional partners in their continued development of an EJ Academy. This 
is a nine module course aimed at building capacity for community groups in using EPA’s Collaborative 
Problem Solving approach to address community EJ issues. This approach allows for inclusion by EPA 
stakeholders of the broader array of social and economic injustices in community problem formulation while 
still acknowledging EPA’s sometimes limited or specific role. 

How effective is the draft Environmental Justice Research Roadmap in elucidating important scientific 
gaps appropriate to the mission of the EPA? 

Key scientific gaps have been identified in the EJ Roadmap. The activities in the table provided by the 
National Environmental Justice Advisory Council (NEJAC) as well as the three gaps highlighted in the report 
(Community Engagement, Outcome Assessment, and Training the Next Generation) are indeed gaps 
deserving of attention, and these have been well articulated in the EJ roadmap. 

Community engagement in the formulation of scientific research agendas is definitely needed. However, 
we caution against over-promising in this arena. Long-term engagement is the most effective way to 
involve communities, yet engaging long-term with multiple communities in formulation of a research 
agenda is a highly resource-intensive endeavor. Developing a systematic process for such engagement 
(and benefitting from SHC’s experience and existing relationships in this regard) will help ORD to focus 
and prioritize. The development of a clear way to identify overburdened communities leading to an 
environmental justice community typology to differentiate the highly varied circumstances along different 
timelines of experience might be helpful for targeting representative EJ communities for engagement. 

Outcome assessment is also a key gap as indicated. Mapping scientific gaps and assessing efforts to 
address them over time will help articulate alignment with EPA goals as well as to measure success. 
Metrics and measures for tracking community improvements as well as declines are essential elements 
of this gap. Many indicators and tools exist within EPA and the wider research and academic community, 
such as the Human Wellbeing Index and Environmental Quality Index in SHC, as well as the EJ Screen, the 
Environmental Justice Screening Methodology (EJSM) and the California Communities Environmental 

16 www.epa.gov/environmentaljustice/  
17 Wilson, Environ Justice, 2(1): 15-23, 2009; Gravlee, Am J Phys Anthopol 139:47-57, 2009; Ernston, Landscape Urban 
Planning 109:7-17, 2013. 
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Screening Tool (CalEnviroScreen), and these methods could be incorporated into assessments of 
environmental justice efforts over time. 

Training the next generation is a clear part of improving sustainability and the environmental justice 
outlook for communities. This involves providing training opportunities in communities, but also 
systematically training new scientists to be mindful of the complexities of environmental justice. Social 
science is clearly articulated as a scientific need throughout ORD programs and this will be systematically 
improved by a long-term focus on interdisciplinary learning and inclusion of social science principles and 
methods throughout ORD programs, and particularly throughout Environmental Justice endeavors. 
Finally, as EPA develops and trains scientists and communities in tools and resources related to EJ, it will 
be important to plan for the long-term sustainability of the effort, either through the Agency, or more 
appropriately via knowledge transfer and ownership to other entities perhaps at the local level. 

One important area that is omitted from the Roadmap is research related to contaminated sites. The 
Roadmap explicitly excludes this topic (p. 10) and instead refers to the SHC StRAP for more on this. This is 
unfortunate, as the issue of contaminated sites is of central importance to EJ research, there is much that 
ORD has to offer on this topic, and there is a great need for more research in this area. As one example, 
EPA partners often struggle to identify responsible parties (RPs) to clean up contaminated groundwater 
or sites. There is a need for better forensic chemistry to trace contaminants to their sources and thereby 
help to reduce protracted litigation, expedite cleanup, and increase cost recovery. As another example, 
there are often chemicals identified (or tentatively identified) at cleanup sites that are of unknown 
toxicity. Such chemicals may be in soil or water in communities, and in some cases remediation plans 
leave these chemicals in place due to the lack of regulatory cleanup numbers. Improvements in toxicity 
screening in the CSS program, and the incorporation of such screens into preliminary risk assessments in 
the HHRA program, have enormous potential to address this potential threat to communities that live 
near cleanup sites. For these reasons, the BOSC recommends including some additional discussion of 
contaminated sites in this document. Recommendations from the BOSC to the SHC program on expanding 
conceptualization and research on contaminated sites to broader community wellbeing issues may be 
helpful in this regard. 

We note a few additional science gaps deserving of attention within the EJ Roadmap. It might be tempting 
to avoid focusing on issues that fall beyond the regulatory mandate of the EPA, such as food scarcity or 
quality issues or problems of poverty and poor housing, but we suggest that a full array of complex drivers 
and processes are important for systems understanding and research within EPA’s EJ efforts. One such 
issue that strikes us as a gap is the need to describe and acknowledge multi-scalar, social structural factors, 
such as economics, income inequality and political and power dynamics (we note that the figures in the 
Roadmap are largely devoid of economic considerations). To be clear, the BOSC recognizes that 
integration of social science into development of research action plans and programs, while critical and 
necessary to enhancing the likelihood of positive and effective outcomes, does not imply that EPA can 
address all drivers of EJ and impact outcomes across the board. 

We suggest that more science could be helpful in differentiating between mitigating problems in existing 
environmentally overburdened communities and preventing such situations in the future. Preventing 
future environmental justice problems in communities requires a systems understanding of the 
underlying driving forces so that they can be monitored and avoided. Mitigation of current issues requires 
a different set of tools and resources. However, both are likely dependent upon community engagement. 
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EPA Response: 

1. ORD will work with Agency partners to develop methods to assess gaps and measure progress over 
time. At the individual community level, for ORD, this will mean engaging with Agency partners in the 
Regions and programs such as Brownfields re-development to identify and apply indicators and indices 
relevant to community context in community-engaged projects through programs such as SHC’s 
Regional Sustainability Environmental Science (RESES), RARE, and the Agency’s Making a Visible 
Difference in communities program. ORD’s research on the development of indicators and indices, 
including holistic well-being indicators, and a new generation of air and water monitors, including 
fenceline monitoring and citizen science approaches, will inform the measurement of outcomes. 

At a national level, EPA’s EJ 2020 plan includes metrics for actions addressing EJ in multiple areas 
including science addressing EJ.  
 

2. ORD agrees that we should incorporate social science principles and methodologies throughout EJ 
activities. This does, however, point to a research gap that will be added to the updated draft of the EJ 
Roadmap.  With the increasing availability of geo-spatial databases and spatial analysis tools, the 
seminal studies that identified racial disparities in siting of hazardous waste facilities (e.g., United 
Church of Christ, 198718) have been expanded to a host of different locally unwanted land uses (e.g., 
Ringquist, 2005; Mohai and Saha, 201519). Mohai and Saha’s recent work (2015)20 points to the need 
for longitudinal studies to better understand these disparities. By extension, this methodology can be 
applied to developing outcome metrics that monitor for changes in these disparities. In addition, the 
work described in the Toxic Wastes and Races at Twenty 1987-200721 report and elsewhere points to 
the need for consistent or systematic methods for characterizing potential disparities in EPA research 
and tools (e.g., using distance-based versus unit-hazard coincidence methods). This will be included as 
a discussion in the EJ Research Roadmap. 

In addition, references from biomedical anthropology demonstrating the importance of designing 
research to differentiate between the many possible factors associated with race, especially to move 
away from models of genetic or other biological determinism and toward more integrated models that 
include structural racism and individual experience. 
 
Research and development of consistent methodologies in this area will require the social science 
expertise in geography / spatial analysis and sociology. The broader issue of increasing the social 

18 Commission for Racial Justice, United Church of Christ, 1987.  Toxic Wastes and Race in the United States 
19 Ringquist, E Journal of Policy Analysis and Management, January, 2005. 10.1002/pam.20088; Mohai, P and Saha, R. 
Environmental Research Letters 10(2015) 125011 
20 Mohai, P and Saha, R.  Environmental Research Letters 10 (2015) 115008;  10(2015) 125011 
21 United Church of Christ March 2007. 

Recommendations 

1. Develop methods to more systematically assess gaps and measure outcomes over time to evaluate 
progress. 

2. Incorporate social science principles and methodologies throughout EJ endeavors across ORD. 
3. Plan for long-term sustainability of ORD EJ efforts, including in plans for knowledge transfer and 

maintenance of tools and databases. 
4. Include discussion of contaminated sites and connections to broader community wellbeing as part 

of the EJ Roadmap. 
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science presence for ORD research in EJ and in other areas is being addressed through an ORD IOAA 
executive workgroup. For more information, see Common Thread #4). 

3. Plans for knowledge transfer include an annual report (by all of the ORD Roadmaps) detailing research
progress and new research directions and Agency directions as well as increased state and regional
engagement, particularly related to the use of our tools (further described in Common Thread #5).

Maintenance of tools and datasets is a long-standing issue that will be handled through actions taken
by ORD’s labs and centers in conjunction with OSIM and the Agency’s Office of Environmental
Information. These issues include ensuring secure use of significantly less expensive (and larger
capacity) web-storage solutions.

Collaborative solutions that include transferring ownership of tools or databases to primary stakeholder
groups are also being explored.

We note long-term sustainability and knowledge transfer can also be addressed by enlisting Agency
stakeholders in the dissemination of ORD EJ science tools and by broadly building Agency and
community capacity. ORD tools such as the EnviroAtlas and C-FERST are building instructional modules
and use cases (sample applications to illustrate how to use the tools to address different kinds of issues). 
SHC is also piloting a Tools Ambassadors program to build capacity for teaching and supporting the use
of decision support tools. This will dovetail with efforts such as the EJ Academy described above. Pilot
steps toward building campus-community partnerships to build capacity for use of ORD-developed
science and tools are also underway. One such effort is described in Stewart, et al., 201622. Additional
efforts include working through public health practitioners to share public health knowledge with
affected individuals and groups.

4. Explicit description of research and development focused on solutions for contaminated sites and
communities: We removed this from the review draft because it is part of ORD’s main research program, 
aiding all communities with sustainable approaches to contaminated sites and materials management.
Areas of research and development that focus on these issues within overburdened communities will
be added into the EJ Research Roadmap or, if lacking, be identified as an additional gap. Because the
recognition of environmental injustice grew out of the identification of disparate siting of waste
containment and other hazards, it is clear that for the Roadmap to be a stand-alone document, this
must be addressed.

How effective is the draft Environmental Justice Research Roadmap in capturing relevant research in 
each of the six programs? 

The BOSC is not exhaustively familiar with the research going on throughout the six programs, and is 
therefore not necessarily best equipped to answer this question with confidence. It is possible that there 
is research going on in one or more of the programs that may be relevant and of which the BOSC is not 
aware. However, it appears that the relevant research at ORD is captured effectively in Appendix A, Table 
A1 of the Roadmap. This table is an extremely useful compilation of the EJ-related research at ORD, and 
is a valuable addition to the Roadmap. Table A2, which summarizes Science to Achieve Results (STAR) 
extramural research in Environmental Justice is also useful, as is Appendix B.  Taken together, the 
Appendices demonstrate an impressive array of research and partnerships. 

The report quite effectively notes important and relevant research in SHC related to Environmental Justice 
and engaging communities. The relevance of the CSS research is possibly under-stated in the Roadmap. 
The statement on p. 23 on CSS refers generically to the program’s role in ‘assessing new products’ and 

22 Stewart, SL, Duncan, PB, and Stohs, SM.  The International Journal of Sustainability Policy and Practice 12(2), 2016. 
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‘prioritizing chemicals for IRIS assessments’, but these are not the most relevant or important uses of the 
CSS data. In fact, ‘assessing new products’ does not have obvious direct EJ relevance, and CSS data are 
not currently being used in IRIS assessments. More directly relevant to EJ is the role for CSS in screening 
data-poor chemicals and thereby providing data to potentially inform provisional risk assessments. This 
role includes toxicity screening of chemicals detected at contaminated sites, in groundwater or in surface 
water in communities. CSS also has the ability to test mixtures, which is an important way of beginning to 
evaluate cumulative impacts. 

The role of the HHRA research program is not properly characterized on p. 23. The Roadmap refers to the 
Integrated Risk Information System (IRIS) program and the Integrated Science Assessments (ISAs), but fails 
to mention the Provisional Peer-Reviewed Toxicity Values (PPRTVs), and the role of the Superfund 
technical support centers within the HHRA program. In addition to the important work the HHRA program 
is doing on cumulative risk assessment (which is mentioned in the Roadmap), it is also working to generate 
preliminary risk assessments for data-poor chemicals, including through use of CSS work products. This 
work has direct relevance to communities facing exposures to multiple contaminants. 

Table 2 is a useful summary of the contribution of each research program to the overall EJ research 
activities. The BOSC felt, however, that the contributions of certain programs may be under-represented 
in that table. In particular, the BOSC was surprised not to see a check mark for SSWR for Tribal Science, 
and perhaps also for SSWR and Health Disparities and Cumulative Risk. 

 

 
 

EPA Response: CSS will provide cost-efficient methods and high-throughput data for rapid risk-based 
evaluation of existing chemicals and emerging materials. CSS, in collaboration with HHRA, is working on a 
new screening-level assessment product called RapidTox to provide information on data poor chemicals and 
reduce the time, cost, and/or uncertainty of risk-based chemical management decisions. The goal is to deliver 
RapidTox assessments for large numbers of data poor chemicals through an automated computer dashboard 
and provide a range of information related to hazard, chemical properties, fate and transport, and exposure. 
The information will include data from traditional sources, when available, as well as new data streams being 
developed such as automated read-across methods, high-throughput screening from ToxCast, adverse 
outcome pathways, high-throughput exposure estimates from ExpoCast, and high-throughput toxicokinetic 
models. The project will investigate methods to integrate and distill the diverse data streams into 
quantitative toxicity values with associated estimates of uncertainty to support different decision contexts. 
The RapidTox assessments will be developed for two case study examples in partnership with EPA Program 
Offices. HHRA is exploring the application of these tools and other data-mining approaches, including 
disease-directed evaluations, to characterize other toxicity endpoints (e.g., liver) and outcomes (e.g., 
cardiovascular disease, bladder cancer). The HHRA program is also actively exploring how to use AOPs to 
both inform mode of action in all of its assessment products and as a basis for the integration of ecological 
and human toxicity for cumulative risk characterization. In addition, the HHRA program has work devoted 
to exploring how epigenetic markers can inform consideration of susceptibility in risk assessment.  
Proceedings of a workshop held in August 2015 on this topic will be available this fiscal year. Another task is 
an integrated effort across the ACE, SHC, and HHRA programs to explore how predictive epigenetic markers 
might inform neighborhood-based assessment of asthma and cardiovascular diseases in the Research 
Triangle Park area. In addition, a more full description of HHRA’s projects on advancing new methods to 
characterize the utility and apply emerging tools will be added to the section on solutions for contaminated 
sites and communities. 
 

Recommendations 

1.   Describe the roles of the CSS and HHRA programs in screening and developing provisional risk 
numbers for previously untested contaminants. 
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How effective is the draft Environmental Justice Research Roadmap in identifying areas of integration 
across the six programs? 

The Roadmap is fairly effective in identifying areas of integration across the programs, especially in the 
Cross-Agency “Making a Visible Difference” (MVD) strategy, the area of cumulative risk assessment, and 
in climate adaptation. There is also significant potential for integration in the three cross-cutting areas 
identified in the Roadmap as research gaps (community engagement, assessing outcomes, and training 
the next generation). Activities on these three ‘gap’ areas would require significant cross-program 
integration. 

There are several other areas for integration that are not articulated in the Roadmap. These include rapid 
response, exposure science, and socio-ecological disparities. EPA has extensive Emergency Response and 
Management activities, in which ORD is actively involved. Many emergencies affect EJ communities, in 
part because many EJ communities are located in areas that are vulnerable to chemical spills, explosions, 
fires, and other disasters. It may be beneficial for EPA to consider articulating an EJ component to their 
emergency response preparedness research and response activities. 

Exposures to potentially hazardous substances are a common concern in EJ communities. Some of the 
themes in the Roadmap relate to exposure science, including rapid sensor technologies, and some of the 
decision support tools. There is exposure science research going on in all the programs within ORD, and it 
may be fruitful to consider ways to better integrate the exposure science research across program areas 
and media. Such an effort would be relevant to EJ, but may also be beneficial beyond EJ issues. 

The awareness of the links between human health and ecosystem services is an important and growing 
area of research. This issue is mentioned in the Roadmap as it relates to Tribal Health, and to some degree 
also to climate justice. However, the connections between human and ecological health (e.g., the “One 
Health” concept), and the issue of socio-ecological disparities is an important cross-cutting theme that is 
relevant to several program areas and might be an additional area to consider for potential integration. 

EPA Response: 

1. HSRP is developing a tool that would allow communities to consider EJ populations in their emergency
preparedness activities. Specifically, the community environmental resilience indicator effort, outlined
in the EJ roadmap, enables communities to assess their resilience to environmental disasters and to
make and/or advocate for decisions that improve their resilience. These indicators relate to
environmental services, such as clean water. These build upon NIST’s general community resilience
planning guide that is focused on the built environment and infrastructure. This effort and their
relationship to emergency response will be better articulated in the next version of the EJ Roadmap.

Recommendations 

1. Consider articulating an EJ component to emergency response and preparedness research and
activities.

2. Consider ways to better integrate exposure science research across program areas and media.
3. Consider developing the connections between human and ecological health, and the issue of socio- 

ecological disparities as a cross-cutting theme.
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We note that EPA actions consistent with the BOSC Executive Council recommendations are taking place 
in EPA’s Program Offices. For example, a Blog entry and Fact Sheet were developed on Enhancing Local 
Planning under the Emergency Planning and Community Right-to-Know Act.23  

2. We appreciate the BOSC Executive Council endorsement of the importance of exposure science in
addressing EJ and have added text on the potential for using exposure modeling for advancing EJ
analyses in the Research Gaps section. ORD’s work with OW and OLEM to provide better data on lead
exposure risk for development of an updated Household Action Level and supporting efforts to revise
the Lead and Copper Rule has been added to the Roadmap. These analyses are designed to provide
data on relative contribution by exposure pathway, geographical differences, and other key factors. We
note that the C-FERST, Tribal-Focused Environmental Risk and Sustainability Tool (T-FERST), and
EnviroAtlas efforts described in the EJ Research Roadmap are rooted in exposure science, with reference 
to human and ecological receptors of environmental exposures. It also describes the development of
screening level tools to assess the air quality and potential exposure consequences of decision
alternatives in the near roadway and near ports environment. Further, the EJ Roadmap includes
descriptions of the development of tools and training for local use of air sensors for Citizen Science.
Exposure science is also an important component of ORD research on climate vulnerability and on
children’s health. We will look to enhance the descriptions of research where possible to emphasize the
applicability of research to reducing or controlling exposure to hazardous pollutants. CSS has made
significant advances in generating exposure information and incorporating those into risk-based
evaluation of chemicals. For example, CSS is developing new approaches for non-targeted analyses of
a variety of environmental (such as house dust and streams) and biological media as well as consumer
products, to gain more agnostic perspective on exposure to chemicals. These data are used to further
evaluate and strengthen models that predict exposures.

3. Disparate access to or quality of ecosystem services: This is a growing area of attention in the EJ
literature. While this is mentioned in the first paragraph of the Background section of the current draft,
the importance of both access to ecosystem services and the quality of these services and related
facilities are critical factors influencing health promotion and health and well-being (Jennings, et al.,
201624). Other issues include the challenges in identifying beneficiaries and in valuation of ecosystem
services, since these are affected by social and political factors (Ernston, 201325). Research linking
environmental justice and ecosystem services is part of research project plans in SHC, including
demographic and ecosystem service visualization capabilities in the EnviroAtlas and direct reference to
EJ in SHC’s broader work on ecosystem services. This discussion will be added to the EJ Research
Roadmap, including reference to the relevant ORD research.

Global Climate Change (GCC) 

Charge Question 

How effective is the Draft Global Climate Change Research Roadmap in presenting a problem statement, 
elucidating key research topics and important scientific gaps appropriate to the mission of the EPA, 
capturing relevant research in each of the six programs, and identifying areas of integration across the six 

23https://www.epa.gov/sites/production/files/2015-07/documents/state_tribal_local_guide_factsheet_7-10- 
2015_2.pdf https://www.epa.gov/sites/production/files/2015-07/documents/state_tribal_local_guide_factsheet_7- 

10-2015_2.pdf   

24 Jennings, V, Larson, L, and Yun, J 2016, 13, 196, doi: 10.3390/ijerph13020196.  Int J Environ Res Public Health.         
25 Ernston, H Landscape and Urban Planning 109 (2013) 7-17. 
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programs? 

General Comments 

There was agreement among the BOSC members that the GCC Roadmap represented a substantial effort. 
However, we still find some deficiencies in the Roadmap overall. Based on our responses to the Charge 
Question and our other comments and observations, we would appreciate the chance to review the next 
revision of the Roadmap. 

We appreciate that the climate program of EPA is part of a much larger enterprise involving many partners 
across the Administration. As a result, it is a constant challenge to make progress on some goals if they 
are dependent on outside Agency partners, such as the National Oceanic and Atmospheric Association 
(NOAA) or the U.S. Geological Survey (USGS). However, this also makes it a challenge for the BOSC to 
determine where EPA can make a value-added contribution to climate change research and where they 
can make a significant difference. It would be extremely helpful to create a figure that shows, for a given 
medium (e.g. water) what the impacts of climate change might be (e.g., decreased flows, flooding, 
changes to evapotranspiration and the hydrologic cycle, changes to water quality and to TMDL studies, 
increases in hazardous algal blooms, changes in pollutant transport, etc.). For each of these impacts, 
indicate which are under the primary responsibility of EPA (water quality, TMDLs), and which are less so 
(changes in flows) – and then link these to the work plan in the Roadmap. This would not only be 
illustrative, but perhaps help guide planning in the future. In that regard, the figure could be used to 
illustrate how the Climate Change Roadmap research topics were selected as key topics, making sure that 
the reasons for selection are transparent. 

The Roadmap, while largely complete, would benefit greatly from a rewrite and careful editing. It suffers 
from redundancies in the text, a lack of cohesion and flow, and numerous typos and incomplete 
sentences. It appears to have been the product of many authors pasted together. The document would 
greatly benefit from a rigorous copy-edit. The lack of clarity and differentiation between the Needs and 
Current Research, and the Gaps, was to some extent due to the format ORD requested them to follow, 
but the distinction between these two sections could be greatly improved. 

EPA Response: EPA agrees that the Global Climate Change Roadmap requires additional revision and will 
provide a final version for review at the November 2016 BOSC Executive Council meeting. EPA is investing 
substantial effort to revise the current document that will further clarify EPA’s specific role in climate change 
research and will work to better differentiate between two of the sections, Needs and Current Research, 
and the Gaps. We agree that a figure can be helpful in illustrating the scientific and institutional complexities 
and will include such a figure in the revised Global Climate Change Roadmap.  

Comments on Answers to Charge Questions 

How effective is the draft Climate Change Research Roadmap in presenting a problem statement? 

In essence, the extended problem statement is not effective. It would be helpful if the problem statement 
were directed toward EPA’s particular focus on climate change. We suggest the phrase “way of life” be 
replaced with “wellbeing” given that is the accepted terminology. Further, there is no mention of climate 
change adaptation in the problem statement. 

EPA Response: EPA appreciates the BOSC’s suggestion on improving the problem statement to better reflect 
our particular focus on climate change and that the term “well-being” is more appropriate for the Global 
Climate Change Roadmap. The revised draft problem statement follows: 

The impacts of climate change threaten the Nation’s health, economy, security, and overall 
wellbeing. Climate change is central to the mission of EPA, both because of its direct impacts on air 
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quality, water quality, communities, and ecosystems, and because of EPA’s primary role in developing 
policies and regulations to control it. Responses to climate change, whether to minimize GHG 
emissions, or to prepare for and adapt to climate change impacts, will also impact the environment. 
The purpose of ORD’s climate change research is therefore to advance understanding of the impacts 
of climate change on environmental media and systems, to support Agency planning and rulemaking; 
to inform the development and implementation of GHG regulations; and to identify sustainable 
solutions for the causes and consequences of climate change, including the environmental impacts 
of response strategies. 

How effective is the draft Climate Change Research Roadmap in elucidating key research topics 
appropriate to the mission of the EPA? 

While there was general agreement on the topics that were identified in the Roadmap, several key topics 
were missing, for example: 

1. invasive species, new pests introduction including effects on pesticide use;
2. post-disaster debris management, with focus on research on effective and safe approaches; and
3. human health effects of mold.

Throughout the report, the emphasis is on impacts, but missing are the interactions between/among 
impacts, as well as the adequacy of local governance and infrastructure capacity. In short, the report 
seems focused on the sensitivity and exposure (impact) side of vulnerability, ignoring adaptive capacity in 
natural systems and in human systems. The report was missing social drivers and impacts (behavioral, 
attitudinal, and governance) that have direct implications for mitigation of air and water changes. 

In places, research topics are identified without sufficient explanation of their relevancy to climate 
change. For example, on page 17 of the Roadmap the bullet “Life cycle assessments related to materials 
management” is identified below the topic of “wildfires at contaminated sites” without any explanation 
of how life cycle assessment might be used in that situation. Further down page 17, the Roadmap 
mentions “ongoing research on the potential leakage of biofuels into groundwater” with no explanation 
concerning the climate change relevancy of this research. 

Cookstoves are briefly discussed at several points, but how widely are cookstoves used in the U.S.? If 
cookstoves are an EPA priority, then the Roadmap should explain how the cookstove issue is part of EPA 
ORD’s purview. Thus, although this issue is more widespread for people abroad, the report should note 
that the cookstoves are an Administrator priority, and thus provide greater context for this priority. 

Adaptation is the main focus of the climate change roadmap. However, the Science Challenges and 
research topics (particularly for water, air, human health, and ecosystems) are all framed in terms of 
understanding the impacts. A research program focusing on adaptation to climate change would 
presumably need to go beyond understanding impacts, to examine the range of adaptation strategies in 
terms of their cost-effectiveness, cultural acceptability, efficiency, etc. 

A few final observations are: 
1. identification of needs should be an articulated process, and
2. multimedia (i.e., water, air, soil, freshwater, and the entire environmental system, including people)

interactions of the science challenges need to be incorporated in the Roadmap.

EPA Response: EPA appreciates the BOSC’s suggestions for additional topics to be included in the 
Global Climate Change Roadmap. Those topics are being incorporated into the revised document. The 
revised Global Climate Change Roadmap will be substantially restructured and will better convey the 
connections between impacts and adaptation/mitigation responses and related implementation 
concerns, including costs, effectiveness, and social challenges and opportunities. The restructuring is 
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designed to more clearly express how seemingly disparate research activities fit into a more 
comprehensive whole. See Common Thread #4 for more information on how ORD plans to incorporate 
social sciences into its programs. 

How effective is the draft Global Climate Change Research Roadmap in elucidating important scientific 
gaps appropriate to the mission of the EPA? 

The Roadmap emphasizes mitigating emissions from energy production from fossil fuels. There does not 
appear to be an integrated strategy for focusing on emission reductions. For instance, little or no attention 
is given to the role of forests, agriculture, industrial activities (e.g., cement), and buildings in reducing 
emissions for effective mitigation of the impacts of climate change. 

There is considerable attention on water quality and air quality impacts of climate change. Given that 
management of water quality and air quality is often a local endeavor, more attention to the adaptive 
capacity and infrastructural capacity of associated utilities and jurisdictions is warranted. Water supply is 
also a local issue and climate change impacts and adaptation are complicated by water rights. 

With respect to gaps, the document highlights social science as a general gap, but greater specificity would 
be highly valuable. As currently written, this is a vague (but important) research gap. In addition, co- 
benefits of mitigation and adaptation are a gap that warrants discussion. 

Most EPA-supported research does not begin with complete ignorance of a topic of interest; rather, there 
is a base of knowledge that is expected to be built upon with proposed new research. Consider that much 
is already known about how high temperatures affect meaningful endpoints in aquatic systems. This 
knowledge results simply because surface water temperatures vary around the globe. While it must be 
acknowledged that studies of subtropical aquatic ecosystems may not be highly reliable indicators of how 
surface water temperature increases will affect aquatic ecosystems in temperate climates, they should 
provide some a priori understanding. Perhaps this knowledge base should be a starting point for some of 
the climate change research, rather than starting from a base of little understanding, as appears to be the 
case in the Climate Change Research Roadmap. 

EPA Response: EPA appreciates the BOSC’s suggestion on important scientific gaps that are absent from 
the Global Climate Change Roadmap. The revised Roadmap will explicitly note the importance of 
understanding mitigation and adaptation co-benefits and identifying opportunities to expand such co-
benefits. EPA’s focus on emissions from energy production reflects the scope of EPA’s efforts relative to 
other agencies. The revised description of EPA’s systems-oriented research related to mitigation will 
recognize the importance and challenges of energy efficiency measures as well as connections with 
agriculture. We also acknowledge that there is a base of knowledge upon which this program plans to 
build upon and therefore the discussion will reflect how some areas of research are still being developed 
and how EPA’s climate research will grow. 

How effective is the draft Climate Change Research Roadmap in capturing relevant research in each of 
the six programs? 

The Climate Change Research Roadmap identified many research activities in the six programs that might 
be expanded to include climate change assessments. However, for many of the identified program 
projects, the Climate Change Roadmap provided few or no details concerning how these projects might 
be modified to include climate change research. Thus, it is not clear that the authors of the Climate Change 
Research Roadmap have had much interaction concerning the feasibility of this collaborative research 
with the six programs. 

For example, text could be added relating the impacts of climate change on ecosystem goods and 
services/ecological integrity and the SHC tools used for assessing these impacts (e.g. make deeper 
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connections to the SHC work being conducted in ecological health and wellbeing). 

How effective is the draft Climate Change Research Roadmap in identifying areas of integration across 
the six programs? 

As a cross-cutting program, the Climate Change Research Roadmap should describe integration among 
the six ORD research programs. The Roadmap does a reasonable job in identifying research needed in 
SSWR and in ACE, but given the overarching focus on climate change impacts on ecological and human 
wellbeing, the connection with SHC’s research and tools is worth more attention. 

More text is needed to underscore the opportunity for integration with SHC and SSWR in terms of the 
impacts of climate change on ecosystems and land, specifically on impacts such as flooding and sea level 
rise. For example, there is a greater incidence of mold related to the greater incidence of flooding 
expected from climate change; EPA could play a role in this research. The Global Climate Change Program 
should also work with SHC to determine how to better interact with communities. In addition, there is an 
opportunity to integrate with the Centers for Disease Control and Prevention (CDC) on the issue of 
invasive species which is a climate change and human health and wellbeing issue, and to integrate with 
HHRA in the emission reduction program. 

A redraft of the Climate Change Research Roadmap should include the role CSS has on water quality and 
human health, specifically the chemical and microbial elements that may be relevant to climate change 
that are outlined on page 11 of the Roadmap. 

EPA Response: It is the intent of the Roadmaps that relevant research from all six programs is included that 
relates to the specific topic at hand. EPA agrees that further inclusion of the other programs is necessary to 
effectively show how their research impacts the climate change research portfolio. The revised Global 
Climate Change Roadmap will more explicitly link to relevant work from across the six national research 
programs. The purpose of the Roadmap is to identify opportunities for research to address climate change 
in the context of their Program-specific efforts. Specific details regarding whether, or how, to modify 
individual research efforts necessarily remain within the purview of the Programs, in consultation with their 
partners and with input from the Roadmap and the Associate Director for Climate.  
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Disclaimer Text. This report was written by the Human Health Research 
Subcommittee of the Board of Scientific Counselors, a public advisory committee 
chartered under the Federal Advisory Committee Act (FACA) that provides 
external advice, information, and recommendations to the Office of Research and 
Development (ORD). This report has not been reviewed for approval by the 
U.S. Environmental Protection Agency (EPA), and therefore, the report’s contents 
and recommendations do not necessarily represent the views and policies of EPA, 
or other agencies of the federal government. Further, the content of this report 
does not represent information approved or disseminated by EPA, and, 
consequently, it is not subject to EPA’s Data Quality Guidelines. Mention of trade 
names or commercial products does not constitute a recommendation for use. 
Reports of the  Board of Scientific Counselors are posted on the  Internet at 
http://www.epa.gov/osp/bosc. 
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LIST OF ACRONYMS 

ACE Air, Climate, and Energy 
BOSC Board of Scientific Counselors 
CDC Centers for Disease Control and Prevention 
CIMA Climate Impacts, Mitigation and Adaptation 
CO2 Carbon dioxide 
DAA Deputy Assistant Administrator 
DOI Department of Interior 
EC Executive Committee 
EM Emissions and Measurements 
EPA Environmental Protection Agency 
FACA Federal Advisory Committee Act 
FTE Full-time equivalent 
MDST Modeling and Decision Support Tools 
NAAQS National Ambient Air Quality Standard 
NIH National Institutes of Health 
NMP NAAQS and Multipollutant 
NOAA National Oceanic and Atmospheric Administration 
NSF National Science Foundation 
OAQPS Office of Air Quality Planning and Standards 
ORD Office of Research and Development 
PI Principal Investigator 
PM Particulate matter 
PM2.5 Fine particulate matter 
RFA Request for Application 
RISA Regional Integrated Sciences Assessment 
RH Relative humidity 
RTP Research Triangle Park 
SEE Sustainable Energy Evaluation 
STAR Science To Achieve Results 
StRAP Strategic Research Action Plan 
Tas Surface air temperature 
USDA United States Department of Agriculture 
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BACKGROUND 

Protecting human health and the environment from the impacts of a changing climate and air pollution 
in a sustainable manner are central challenges in the 21st century. These challenges are complicated by 
the interplay between air quality, climate, and energy options, both existing and emerging. The U.S. 
Environmental Protection Agency (EPA) Office of Research and Development’s (ORD) Air, Climate, and 
Energy (ACE) research program plans, conducts and communicates use-inspired research in each of these 
areas. Understanding the interconnections between air pollution, climate change, and today’s dynamic 
energy sector is important in order to develop innovative and sustainable solutions for improving air 
quality and addressing causes of and impacts associated with climate change. The results of ACE program 
research efforts support policies that have far-reaching positive impacts across the nation, including 
reducing health risks from air pollution, preparing for the impacts of climate change, and advancing more 
resilient and sustainable communities. 

The ACE Strategic Research Action Plan, 2016-2019 (ACE StRAP) outlines a four-year strategy for delivering 
the research results and solutions needed to: support EPA’s mission to protect human health and the 
environment; fulfill the Agency’s legislative mandates; and advance the cross-Agency priorities identified 
in the FY 2014-2018 EPA Strategic Plan (EPA Strategic Plan). The ACE StRAP is built on the needs of Agency 
partners and stakeholders and the application of cutting-edge science. 

ORD developed this StRAP to help guide the ACE program in meeting its ambitious objectives, building 
upon the original ACE vision released in June 2012. The current StRAP evolved through close collaboration 
with EPA Program and Regional partners, input from the laboratories and centers working with ACE, and 
interactions with external stakeholders. 

The ACE StRAP is intended to assist ORD managers and scientists to better: 

• Prioritize research to focus on key areas where ACE will help lead the science;
• Demonstrate how research will be translated and actively delivered for use in Agency decision

making;
• Evaluate the impacts of ACE outputs on partner needs; and
• Explore and incorporate collaboration and leveraging opportunities across National Programs and

help engage external stakeholders.

The six, highly integrated national research programs of ORD are each guided by a strategic research 
action plan. Collectively, those plans provide a structured vision and actionable design to guide an 
ambitious research portfolio that delivers the science and engineering solutions the Agency needs to meet 
its priorities and fulfill its legislative mandates on behalf of the American people. Collectively, the plans 
establish an efficient, innovative, and responsive program of government-sponsored environmental and 
human health research. 
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CHARGE QUESTIONS AND CONTEXT 

The Subcommittee was charged with three questions that were provided to all five subcommittees 
(charge questions 1, 2, and 3) and two questions specific to the ACE StRAP (charge questions 4 and 5), as 
follows: 

Charge Question 1. Given the research objectives articulated in the StRAP, are the 
topics and project areas planned and organized appropriately to make good 
progress on these objectives in the 2016-2019 time frame? 

The StRAPs are designed to clearly convey the vision and objectives of the research program, and to 
describe, at a high level, the research topics, and major outputs planned for 2016-2019. Upon receiving 
recommendations from the SAB and the BOSC EC, as well as from EPA partners and others, ORD has 
further developed the StRAPs, including refining the objectives and topics, and providing more clarity. At 
an operational level, each research program is aiming to accomplish its objectives through research 
spanning physical, biological and social sciences and through numerous ORD laboratories, centers, and 
STAR grantees all across the country. In addition, ORD has heeded the advice of the SAB and BOSC in past 
years to do more to integrate research across the six programs, across EPA and with other Federal 
partners. Given these complexities, we recognize there are likely several reasonable approaches for 
organizing the research to best accomplish the objectives. 

Charge Question 2. How effective are the approaches for involving the EPA partners 
in the problem formulation stage of research planning? 

ORD works with EPA partners to design the research programs to meet Agency priorities. The first step in 
this process is problem formulation which provides the foundation of the research. Although it can be 
tempting to jump to a list of research priorities, problems that are well defined lead to the most effective 
research efforts and solutions. The problem formulation stage of research planning lays the groundwork 
for the StRAPs and is the reference point for any changes in priorities as budgets change and new issues 
emerge. Problem formulation occurs at many different levels including the articulation of issues in the 
EPA Strategic plan; meetings with EPA partners including regular staff-to-staff meetings; workshops and 
conferences where states, regions, policy and science staff describe the problems they face; and 
discussions among senior managers at EPA. In addition, each National Program Director reaches out to 
EPA partners in a variety of targeted ways to agree on problem definition. 

Charge Question 3. How well does the Program respond to the needs of EPA 
partners (program office and regional)? 

ORD places a very high value on working closely with EPA partners to design the research programs to 
meet Agency priorities. During the preparation of the StRAPs, the programs were guided by the EPA 
Strategic Plan and undertook a variety of activities to actively engage partners, both to understand their 
priorities and to elicit their input on research directions. These include many regular meetings with EPA 
policy and regional staff, communities of practice for specific scientific disciplines throughout the Agency, 
annual two day meetings led by the NPDs, annual senior level meetings with EPA Assistant and Regional 
Administrators, and formal requests from ORD’s Deputy Assistant Administrator (DAA) for science to 
receive comments from across the Agency twice during the year of StRAP development. 
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In addition to the up-front work with EPA partners to understand their research needs for the upcoming 
year(s), ORD also needs to be flexible enough to address top priority, unanticipated needs or 
environmental crises that emerge at any given time. The research program will describe interactions with 
EPA partners, present examples of recent responsiveness to unexpected events, and explain how they 
work with EPA partners to accommodate acute needs while resources are limited. 

Specific to ACE: Charge Question 4. Please comment on the quality of the products 
delivered by the program. Are there additional approaches that could be taken by 
the program to ensure that its products are of high quality? 

Specific to ACE: Charge Question 5. How well have we translated research findings 
and understanding for the end-users? How can we improve our ability to translate 
research findings and understanding for end-users in the future? 

STRAP OBJECTIVES AND PRIORITY RESEARCH TOPICS 

As articulated in the Draft StRAP, three ACE research objectives flow from the Agency priorities and 
provide a platform that encompasses the breadth and diversity of the science research issues and 
questions arising within the Agency’s air-climate-energy domain. They are: 

Assess Impacts 

Assess human and ecosystem exposures and effects associated with air pollutants and climate change at 
individual, community, regional, and global scales (Research Objective 1); 

Prevent and Reduce Emissions 

Provide data and tools to develop and evaluate approaches to prevent and reduce emissions of pollutants 
into the atmosphere, particularly environmentally sustainable, cost-effective, and innovative 
multipollutant and sector-based approaches (Research Objective 2); and 

Prepare for and Respond to Changes in Climate and Air Quality 

Provide human exposure and environmental modeling, monitoring, metrics and information needed by 
individuals, communities, and governmental agencies to take action to adapt to and mitigate the impacts 
of climate change, and make public health decisions regarding air quality (Research Objective 3). 

These three research objectives were used to frame ACE research topics into five specific areas that focus 
the scope and nature of the research to achieve the objectives: 

• Topic 1: National Ambient Air Quality Standards (NAAQS) and Multipollutant (NMP);
• Topic 2: Emissions and Measurements (EM);
• Topic 3: Modeling and Decision Support Tools (MDST);
• Topic 4: Climate Impacts, Mitigation and Adaptation (CIMA); and
• Topic 5: Sustainable Energy Evaluation (SEE).
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Air pollution related research is the largest component of the ACE Program. Research efforts related to 
climate change and energy are together roughly one third of the clean air component although both are 
envisioned to grow during the timeframe of the current StRAP. 

PROCESS 

To help assist in this process, the EPA’s Board of Scientific Counselors (BOSC) ACE Subcommittee was 
provided the Draft StRAP about a week prior to the ACE Subcommittee meeting that took place on June 
18-19, 2015, RTP, NC. The Draft StRAP outlines the ACE research program at a strategic level [Air, Climate, 
and Energy Strategic Research Action Plan, 2016-2019 (Draft – May 2015)]. The ACE Subcommittee: 1) 
received five charge questions from EPA ORD; 2) reviewed background materials provided by ORD; 3) met 
with the ACE National Program Director in RTP and listened to ACE presentations; 4) deliberated as a 
group on the charge questions; and 5) divided into small groups to draft initial responses to each charge 
question. 

The Subcommittee small groups completed drafting specific responses to each charge question after the 
June 2015 meeting. The Chair and Vice Chair of the Subcommittee prepared an initial draft of the 
Subcommittee report based on charge question responses provided by the small groups, circulated the 
initial draft report to all Subcommittee members, and asked for review comments. The report was revised 
in several iterations based on Subcommittee member comments and discussions during teleconferences. 
A draft of the Subcommittee report was submitted to the BOSC Executive Committee on September 24, 
2015. The recommendations of the ACE Subcommittee in the draft report are based on material provided 
to us prior to the June 2015 meeting, presentations made during the two-day meeting, and deliberations 
during the meeting and after the meeting in teleconferences. 

The full BOSC Executive Committee met on December 8-10, 2015 in Washington, D.C. to review and 
discuss the ORD research program StRAPs. The Chair and Vice Chair of the ACE Subcommittee are 
members of the Executive Committee and participated in the meeting. The ACE National Program 
Director, Dan Costa, and the members of the BOSC Executive Committee discussed the ACE Subcommittee 
charge question report on the afternoon of December 8, 2015, asked clarifying questions, provided 
perspective, and offered comments to the ACE Subcommittee Chair and Vice Chair. 

The ACE Subcommittee Chair and Vice Chair revised the charge question report in response to questions 
and comments raised during the BOSC Executive Committee meeting and submitted the final report to 
the Executive Committee on January 16, 2016. 

RECOMMENDATIONS 

Overall, the ACE Subcommittee found that the vision and  objectives in  the ACE StRAP are clearly 
articulated and the research topics and project areas are planned and organized appropriately. As a 
general conclusion, the Subcommittee agreed that the ACE plan provides a structured vision and 
actionable design to guide an ambitious research portfolio that delivers the science and engineering 
solutions the Agency needs to meet its priorities and fulfill its legislative mandates, with a specific focus 
on the three stated objectives: 1) Assess impacts; 2) Prevent and reduce emissions; and 3) Prepare for and 
respond to changes in climate and air quality. The results of ACE program research support policies that 
have far-reaching positive impacts across the nation, including reducing health risks from air pollution, 
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preparing for the impacts of climate change, and advancing more resilient and sustainable communities. 
The Subcommittee unanimously praised the quality of research produced by the ACE program that each 
subcommittee member was most familiar with and finds the breadth and depth of the research to be 
extremely impressive. 

Subcommittee responses to each charge question follow. The recommendations provided by the 
Subcommittee in response to each specific charge question are meant to complement and supplement 
ongoing and planned ACE program research, and thereby enhance ACE products. The recommendations 
do not necessarily identify deficiencies in the program; rather, in some cases the point of a 
recommendation is to endorse the importance of research that is already ongoing or planned and that 
the Subcommittee feels should receive continuing support should funding levels require selected paring 
of programs. 

Charge Question 1. Given the research objectives articulated in the StRAP, are the 
topics and project areas planned and organized appropriately to make good 
progress on these objectives in the 2016-2019 time frame? 

At the most general level, the topics and project areas are organized appropriately to make good progress 
on the research objectives in the StRAP. Alignment of topics and project areas with research objectives at 
several specific points, however, would be stronger with some additional considerations and/or 
reconfigurations. 

One of those specific points is the planned increased research work around climate change threats, 
impacts, and responses. The human health and environmental impacts of climate change are a crucial 
part of EPA’s expanding focus on greenhouse gas reductions – climate change mitigation – and adapting 
human and natural environments to specific climate change threats. Health impacts associated with 
climate change are an increasingly important topic; and EPA is cooperating and collaborating with other 
agencies, e.g. National Institutes of Health (NIH) and Centers for Disease Control and Prevention (CDC). 

For this reason, climate change-related human health effects and environmental impacts modeling should 
be emphasized more explicitly throughout the program. For example, as climate continues to change and 
these changes accelerate, wildfire risk is increasing, most notably in the western United States (including 
Alaska). ACE should, for example, emphasize or extend several aspects of its planned research to integrate 
objectives associated with air emissions and modeling related to wildfires and the known effects on air 
quality and human and environmental health. Work on climate change-related human health effects 
naturally crosses many Federal agencies and non-Federal partners, but EPA’s mission requires it to have 
a crucial, and potentially central, role. This supports ACE Objective 1: Assess Impacts. 

Heat exposure is the most direct and largest current health risk factor related to climate change effects, 
but humidity also plays a key role in thermal comfort. The National Oceanic and Atmospheric 
Administration (NOAA) human health heat index, for example, uses surface air temperature (Tas) and 
relative humidity (RH) in computing apparent temperature, one measure of heat stress. For this reason, 
climate change and air quality modeling research and products from ACE should expand work to include 
temperature and humidity in future projections at all scales relevant to impacts and vulnerability studies. 
This also provides a useful means to include progress and products provided by the successful ACE air 
quality model development work to the new work on climate change. 

Pollen release and transmission and associated allergic diseases are sensitive to carbon dioxide (CO2), 
temperature, and precipitation, all of which are projected to continue changing in the near and far future 
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as a function of climate change. However, little research has been done to date to measure and/or model 
changing patterns of pollen exposure and health effects in the United States. Given ACE’s suite of 
capabilities, this would likely be another fruitful focus area. This supports Objective 3, the call for 
environmental monitoring and metrics needed to adapt to the impacts of climate change. 

The Subcommittee suggests that the alignment of research objectives with projects and outcomes would 
be more strongly grounded if EPA provided a more detailed description of resource allocation, even with 
the complexities of splitting out funding components that are mixed across sources, locations, and 
timelines. 

The Subcommittee strongly approves of the rebalancing of ACE objectives to increase its emphasis on 
products to be delivered to internal EPA clients and partners, but encourages the Agency to continue to 
include time and support for Principal Investigator (PI)-initiated research to prepare EPA for future needs 
which may not yet be apparent to its partners and clients. ACE should also retain flexibility while 
implementing its plan to provide fast turn-around products, even in preliminary form, to its internal 
partners and clients when crucial needs arise. For example, a ‘Rapid Response’ program and plan of action 
needs to be implemented that will allow EPA to address rapidly emerging environmental, climate, and 
health related issues; this could require an enhanced communication process for ACE inside ORD and the 
wider EPA to receive and evaluate requests for rapid response actions. 

These recommendations should lead ACE to further emphasize those areas associated with climate 
change and multi-pollutant research. The ACE Subcommittee suggests that ACE consider looking at its 
levels and balance of intra- and extra-mural research to help ensure that ACE can meet its increased 
obligations to deliver products to its partners and clients in addition to traditional peer-reviewed research 
publications. 

In several aspects, research related to emissions from oil and gas extraction is not as well integrated within 
the ACE agenda as it might be, appearing more as separate and distinct projects rather than part of a 
cohesive program. This example emphasizes the need for more articulation of how the systems approach 
is being implemented across all the ACE research objectives and project areas. 

The Subcommittee remains unsure of the appropriate level of increased social science research in ACE 
and repeats the caution expressed by the Office of Air Quality Planning and Standards (OAQPS) Health 
and Environmental Impacts Division Director that this should remain a smaller part of the research and 
not reduce the impressive physical, chemical, human health, and biological science work, which is the 
hallmark of ACE. Social science inputs can perhaps be usefully developed by ACE in consultation with other 
agencies that have substantial investments already in social science research – National Science 
Foundation (NSF), etc. At the same time, the Subcommittee recognizes that ACE is responding to long- 
standing requests to make its science research products more readily available for implementation and 
decision support across EPA and the Nation, and that its response should be conditioned by findings of 
social science research into which forms of communication are most effective. The Subcommittee 
suggests that consideration be given to the extent of that social science research inside the ACE program 
and to where it could be more efficient to leverage social science findings from other relevant agencies 
and programs. 
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Recommendations 

1. The Subcommittee endorses an increased emphasis on climate change-related research on human
health effects, such as those associated with wildfires, and environmental impacts modeling and
recommends expanding climate change and air quality modeling research to include temperature
and humidity. The Subcommittee also suggests that ACE look for strategic research opportunities
for characterizing climate impacts on pollen and allergic diseases.

2. The Subcommittee recommends continuing to include time and support for PI-initiated research
that might not yet have been identified as a current need by internal EPA partners and
stakeholders.

3. The Subcommittee endorses ACE program planning to provide fast-turnaround products, even in
preliminary form, to internal partners and clients when crucial needs arise. One aspect that the
Subcommittee noted and would like to explore further is the communication process for ACE
inside ORD and the wider EPA to receive and evaluate requests for rapid response actions.

4. The Subcommittee recommends reviewing the ACE program balance of intra- and extra-mural
research to optimize its ability to meet increased obligations in the face of constrained resources.

5. The Subcommittee requests that ACE articulate how the systems approach is being implemented
across all the ACE project areas, including research related to emissions from oil and gas extraction,
which is not as well integrated into the ACE program.

6. The Subcommittee suggests that ACE periodically review the balance between ACE-sponsored
social science research and the more traditional areas of physical, chemical, human health, and
biological sciences, making sure to leverage social science findings from other agencies and
programs.

Charge Question 2. How effective are the approaches for involving the EPA partners 
in the problem formulation stage of research planning? 

The Subcommittee applauds the ACE program for its breadth and diversity of approaches used for 
engaging its partners. The approaches used are broad-based and highly effective, but the Subcommittee 
believes coordination processes could be more efficient. The communication channels and extent to 
which input in planning is being provided by other offices within ORD, which will be necessary to 
implement the systems approach, is not clear. 

EPA also needs to place more effort, especially in the early stages, to directly involve the states in problem 
formulation. The states serve a key role in both providing and using information related to the ACE 
program. Their interests and points of view are not always fully represented by EPA’s Regional Offices and 
the Agency’s regional partners. Direct involvement by the states should help ensure an on-the-ground 
perspective of needed tools and the ultimate implementation of research accomplishments into use and 
operations. 

Using a systems-level approach at all stages of the program, including problem formulation, should help 
delineate linkages among research elements and partners’ needs, create an architecture for research 
planning and coordination, as well as provide a framework for current and future communications. Figure 
1, presented to the ACE Subcommittee during the ACE National Program Director’s ACE overview 
presentation on June 18, 2015, shows the relationships between air, energy and climate and the ways in 
which the five core themes fit into the new directions. The logic illustrated in this figure is a good 
foundation to build on using a systems approach to more clearly articulate how the interactions across 
program areas will be driven, evaluated, and used. It will be important to link the program structure and 
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investments to the strategic themes and priorities, and this systems framework can illuminate the 
connections among these elements of the plan. We recognize this may require additional resources (or a 
reprioritization of current activities) but the development and continued use of a systems approach 
should have a high priority. 

Figure 12 

The ACE Subcommittee applauds the stated priority that EPA is placing on coordinating the elements of 
this program. A systems approach will reinforce program priorities and needs, clarify communications, 
and point towards new directions across the entire ACE program. This will support the drive to shift the 
culture in ORD and help focus full-time equivalents (FTEs) on the highest priority challenges. The 
Subcommittee thinks that ACE is doing a good job in managing the tension between serving near-term 
user needs and longer-term research priorities, but recommends consideration of dedicated resources for 
conducting rapid-response research when significant issues emerge not on the planned research agenda. 
Utilizing an overarching framework and systems approach from the outset can enhance the program and 
help manage that process and also help maximize the impact of the program on advancing our 
understanding of interdisciplinary air, climate, and energy problems. For example, more frequent and 
intense wildfires associated perhaps with changes in climate can lead to local changes in air quality, which 
can change energy availability or even threaten delivery of energy. 

............................... 
2 Costa, ACE 101 BOSC, June 18, 2015 
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Charge Question 3. How well does the Program respond to the needs of EPA 
partners (program office and regional)? 

In general, the Subcommittee feels that ACE has been very responsive and the partners we heard from at 
the meeting were pleased. We encourage ACE to define partners more broadly to include state air 
program agencies and regional air planning organizations and to identify a process to include these 
partners in setting program priorities. It will also be important for ACE to continue to nourish the 
connection of its PIs and administrators to some of the many and proliferating climate change adaptation 
and mitigation groups set up around the country as non-profit organizations or offices of other Federal 
agencies: the NOAA Regional Integrated Science and Assessments (RISAs), U.S. Department of Interior 
(DOI) Climate Science Centers, and U.S. Department of Agriculture (USDA) Climate Hubs are examples. 

The research plan describes very well the transition away from “University of EPA.” The research agenda 
is heavily influenced by OAQPS for historical reasons, proximity of staff, and the large regulatory 
responsibility of OAQPS. Emissions characterization, monitoring methodologies, and atmospheric science 
(especially further development of photochemical and receptor models) must continue to be priorities to 
support OAQPS and state needs. For example, increased emphasis needs to be placed on developing new 
or replacing outdated federal reference methods for ambient pollutants. ACE should continue to evaluate 
small, inexpensive sensors (e.g. nitrogen dioxide, ammonia, ozone, fine particulate matter (PM2.5), etc.) 
but must also develop a roadmap for their eventual use for determining compliance with National 
Ambient Air Quality Standards (NAAQS). Model areas that need continued support include source 
attribution components, dry deposition, and speciation profiles. At the same time ACE needs to be 
responsive to the needs of other partners and find a workable balance between its traditional priorities 
and emerging new demands such as climate change and agricultural air quality. The Subcommittee 
acknowledges the tension between regional offices, National program needs, and individual scientists’ 
expertise. We encourage ACE to ensure continuity in core areas of research so that projects like methods 
development do not suffer when key staff retire or leave the Agency. Another challenge is balancing and 
responding to immediate needs while addressing future research needs and integration across programs. 
Both the Subcommittee and those partners from whom we heard emphasized the value of synthesis 
documents. 

Recommendations 

1. The Subcommittee recommends that ACE increase direct involvement of one or more states in the
problem formulation stage of research planning.

2. The Subcommittee endorses continuing the development and implementation of a systems
approach at all stages of the program, including problem formulation.

3. The Subcommittee requests that ACE provide more information on the extent to which other
offices within ORD participate in project planning.
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Specific to ACE: Charge Question 4. Please comment on the quality of the products 
delivered by the program. Are there additional approaches that could be taken by 
the program to ensure that its products are of high quality? 

The Subcommittee recognizes and appreciates the outstanding, high-quality research carried out by ACE, 
both internal and external to the Agency. The quality of the research outputs has been reflected in 
refereed journal publications (both the number of publications and the rankings of the journals), in 
citations, in prestigious awards bestowed to ACE research teams (both intra- and extra-mural), and in the 
many positive external reviews for ORD products such as the Integrated Science Assessment. 

The Subcommittee deliberated on the additional steps ACE can take to maintain this level of high quality 
research as the ORD engages in more short-term work in response to programmatic and policy needs, as 
ACE research areas branch into other fields, and as ACE engages in more public outreach programs. 

One approach that the Subcommittee recommends is development of a set of multiple metrics to 
measure the quality of the diverse types of productivity and output from ORD researchers as ACE is 
extended to additional considerations. It is critical to continue to track the number of publications, quality 
of publication outlets, the number of citations, and distinguished awards. However, these traditional 
metrics would best be interpreted in a context of additional measures and with a number of caveats. For 
example, the impact factors for publications and number of citations can vary substantially from one field 
to another (e.g., economics versus engineering), and as a result, the numbers may not be comparable 
across fields. Further, numbers alone may not fully reflect research quality and value, and internal and 
external peer review may be needed to augment such numbers. It is important that peer review activities 
continue and that they receive sufficient funding within the ACE program to maintain high quality 
products. 

Recommendations 

1. The Subcommittee strongly endorses the value of and the need to continue allocation of resources
directed to the synthesis and translation of the results of ACE research to ensure that it is used
widely and effectively.

2. The Subcommittee suggests that ACE consider new ways to include states and regional planning
organizations more directly as partners.

3. The Subcommittee strongly supports maintaining high priority on core areas of research that ACE
partners, the states, and other users rely heavily on, for example emissions characterization,
monitoring methodologies, and atmospheric science. In this vein, the Subcommittee specifically
noted the need for:
a. Developing new or replacing outdated federal reference methods for ambient pollutants;
b. Continuing the development of small, inexpensive sensors suitable for criteria pollutants as

well as emerging air pollutants such as ammonia; and
c. Continuing support of air dispersion model development in the areas of source attribution, dry

deposition, and speciation profiles.
4. The Subcommittee notes the need to balance traditional priorities with emerging issues, and urges

ACE to ensure continuity in core areas of research (for example when key staff retire or leave the
Agency), as those remain relevant to the core missions.
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Collaborations with other researchers within ACE and external to ACE are an excellent way to produce 
high quality work. Appropriate incentives or rewards should be in place for collaborative work, in terms 
of promotion, awards, etc. 

Further, as ACE increases its efforts in outreach and engagement, it is important to make sure that such 
efforts are built on the solid science that has been the hallmark of the ACE program. It is also important 
that the outreach and engagement efforts be conducted in a manner consistent with the state-of-the- 
science approaches, utilizing results from research in communication and engagement. To ensure the 
quality of outreach and engagement work, ACE may need to develop a set of metrics for such efforts that 
should be tracked, for example, hits to websites, hours spent in public outreach activities, publications in 
engagement journals, etc. 

It is important to maintain quality standards when ACE generates data in response to short-term needs 
and from new types of projects (for example, the Village Green project). The Subcommittee would like to 
see the quality assurance procedures for different types of ORD projects at the next review meeting so 
that it can provide informed recommendations on additional approaches that could be taken by the 
program to ensure that its products are of high quality. For example, as ACE further develops a ‘Rapid 
Response’ program that provides fast turn-around products, as discussed in the response to charge 
question #1, it will be important to customize quality assurance procedures for rapid response activities. 

To maintain long-term relevance, quality, and utility of ACE research, it is important to periodically review 
and evaluate the core research areas within ACE. Lack of continuity in externally funded research areas is 
a concern when, for example, promising research in the Science To Achieve Results (STAR) program does 
not have the opportunity for continued funding because of changes in Request for Application (RFA) 
topics. The Subcommittee also heard concern expressed by program office representatives that ACE 
maintain the continuity of basic science research in core areas that are critical to the plan moving forward 
in an environment of reduced work force and retirement of senior research staff. 
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Specific to ACE: Charge Question 5. How well have we translated research findings 
and understanding for the end-users? How can we improve our ability to translate 
research findings and understanding for end-users in the future? 

The Subcommittee received anecdotal evidence that program and regional offices are pleased with the 
new ACE structure and with the methods and frequency of communication with ACE. However, we have 
not communicated with a broad selection of offices in coming to this conclusion. 

In answering this question, the Subcommittee wished to have a clear definition of what is meant by “end- 
user”. We concluded that the end-user could be other researchers, ACE partners, policy makers, and the 
public, a list reflecting a very wide range of interest and capabilities to take and use ORD ACE products. 
We also recommend that the term “end-users” be replaced by “users” to more accurately reflect the 
profile of those who use ACE’s products and the range of ways that ACE research is used. 

The need for synthesis and translation of results of ACE research is critical in order to support policy 
decisions, particularly as ACE participates in more public engagement. The Subcommittee recognizes that 
part of the ACE current culture change is to enhance the ability of ACE researchers to understand their 
work in a larger context and learn how to communicate research results to non-specialists. While some 
PIs might have expertise in translating and/or synthesizing research results, it is not desirable to require 
all PIs to engage in translation and/or synthesis efforts. ACE should identify and/or train the appropriate 
people (technical FTEs) best suited  to synthesis and/or translation  of research  work.  Rewards and 
incentives should be in place, because synthesis and translation work does not necessarily result in peer- 
reviewed publications, yet the impact on policymakers and the public can be substantial. 

Multi-directional communication is essential. Research results must be translated to users; in addition, 
the users should be involved at the beginning in the research cycle, not to direct the research agenda but 
to provide their perspective on what research products are most needed and how they will be used. There 
is opportunity for the technical FTEs who are most involved in synthesis and translation to facilitate this 
multi-directional communication. Again, rewards and incentives are important for encouraging multi- 
directional communication. 

Recommendations 

1. The Subcommittee recommends the development of a set of multiple metrics to measure the
productivity and output quality of ORD researchers that accounts for differences in fields of
research, acknowledges the importance of synthesis and translation work, and rewards
collaborative efforts (within ACE and external to ACE).

2. The Subcommittee suggests the development of a set of metrics for outreach and engagement
efforts that can be tracked, for example, hits to websites, hours spent in public outreach activities,
publications in engagement journals, etc.

3. The Subcommittee noted the importance of ensuring the continuation of sufficient funding for
program reviews by external experts, peer review, and other quality assurance activities to
maintain high quality product. The Subcommittee believes that the ACE program is highly focused
on quality assurance; however, the Subcommittee would benefit from greater knowledge of
quality assurance procedures in place for different types of ORD projects.

4. The Subcommittee suggests that ACE consider customizing quality assurance procedures
specifically for rapid response activities, which might involve releasing research results in
preliminary form, as part of a ‘Rapid Response’ program and plan of action.
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SUMMARY LIST OF RECOMMENDATIONS 

Charge Question 1. Given the research objectives articulated in the StRAP, are the 
topics and project areas planned and organized appropriately to make good 
progress on these objectives in the 2016-2019 time frame? 

• Recommendation 1.1: The Subcommittee endorses an increased emphasis on climate change-related
research on human health effects, such as those associated with wildfires, and environmental impacts
modeling and recommends expanding climate change and air quality modeling research to include
temperature and humidity. The Subcommittee also suggests that ACE look for strategic research
opportunities for characterizing climate impacts on pollen and allergic diseases.

• Recommendation 1.2: The Subcommittee recommends continuing to include time and support for
PI-initiated research that might not yet have been identified as a current need by internal EPA partners
and stakeholders.

• Recommendation 1.3: The Subcommittee endorses ACE program planning to provide fast-turnaround
products, even in preliminary form, to internal partners and clients when crucial needs arise. One
aspect that the Subcommittee noted and would like to explore further is the communication process
for ACE inside ORD and the wider EPA to receive and evaluate requests for rapid response actions.

• Recommendation 1.4: The Subcommittee recommends reviewing the ACE program balance of intra- 
and extra-mural research to optimize its ability to meet increased obligations in the face of
constrained resources.

• Recommendation 1.5: The Subcommittee requests that ACE articulate how the systems approach is
being implemented across all the ACE project areas, including research related to emissions from oil
and gas extraction, which is not as well integrated into the ACE program.

• Recommendation 1.6: The Subcommittee suggests that ACE periodically review the balance between
ACE-sponsored social science research and the more traditional areas of physical, chemical, human
health, and biological sciences, making sure to leverage social science findings from other agencies
and programs.

Recommendations 

1. The Subcommittee recommends that ACE identify and/or train staff members who are best suited
for synthesis and translation of research and establish rewards and incentives for this kind of
research product. Furthermore, the Subcommittee suggests that there is an opportunity to use
these staff members to facilitate multi-directional communication, for example, to identify
research needs of users, to maximize involvement of users in the problem formulation stage of
research, and to provide user support.

2. The Subcommittee suggests that ACE use a broad definition of “end-user” that includes other
researchers, ACE partners, policy makers, and the public and that reflects the range of ways that
ACE research is used.
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Charge Question 2. How effective are the approaches for involving the EPA partners 
in the problem formulation stage of research planning? 

• Recommendation 2.1: The Subcommittee recommends that ACE increase direct involvement of one
or more states in the problem formulation stage of research planning.

• Recommendation 2.2: The Subcommittee endorses continuing the development and implementation
of a systems approach at all stages of the program, including problem formulation.

• Recommendation 2.3: The Subcommittee requests that ACE provide more information on the extent
to which other offices within ORD participate in project planning.

Charge Question 3. How well does the Program respond to the needs of EPA 
partners (program office and regional)? 

• Recommendation 3.1: The Subcommittee strongly endorses the value of and the need to continue
allocation of resources directed to the synthesis and translation of the results of ACE research to
ensure that it is used widely and effectively.

• Recommendation 3.2: The Subcommittee suggests that ACE consider new ways to include states and
regional planning organizations more directly as partners.

• Recommendation 3.3: The Subcommittee strongly supports maintaining high priority on core areas
of research that ACE partners, the states, and other users rely heavily on, for example emissions
characterization, monitoring methodologies, and atmospheric science. In this vein, the Subcommittee
specifically noted the need for:
• Developing new or replacing outdated federal reference methods for ambient pollutants;
• Continuing the development of small, inexpensive sensors suitable for criteria pollutants as well

as emerging air pollutants such as ammonia; and
• Continuing support of air dispersion model development in the areas of source attribution, dry

deposition, and speciation profiles.
• Recommendation 3.4: The Subcommittee notes the need to balance traditional priorities with

emerging issues, and urges ACE to ensure continuity in core areas of research (for example when key
staff retire or leave the Agency), as those remain relevant to the core missions.

Specific to ACE: Charge Question 4. Please comment on the quality of the products 
delivered by the program. Are there additional approaches that could be taken by 
the program to ensure that its products are of high quality? 

• Recommendation 4.1: The Subcommittee recommends the development of a set of multiple metrics
to measure the productivity and output quality of ORD researchers that accounts for differences in
fields of research, acknowledges the importance of synthesis and translation work, and rewards
collaborative efforts (within ACE and external to ACE).

• Recommendation 4.2: The Subcommittee suggests the development of a set of metrics for outreach
and engagement efforts that can be tracked, for example, hits to websites, hours spent in public
outreach activities, publications in engagement journals, etc.

• Recommendation 4.3: The Subcommittee noted the importance of ensuring the continuation of
sufficient funding for program reviews by external experts, peer review, and other quality assurance
activities to maintain high quality product. The Subcommittee believes that the ACE program is highly
focused on quality assurance; however, the Subcommittee would benefit from greater knowledge of
quality assurance procedures in place for different types of ORD projects.
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• Recommendation 4.4: The Subcommittee suggests that ACE consider customizing quality assurance
procedures specifically for rapid response activities, which might involve releasing research results in
preliminary form, as part of a ‘Rapid Response’ program and plan of action.

Specific to ACE: Charge Question 5. How well have we translated research findings 
and understanding for the end-users? How can we improve our ability to translate 
research findings and understanding for end-users in the future? 

• Recommendation 5.1: The Subcommittee recommends that ACE identify and/or train staff members
who are best suited for synthesis and translation of research and establish rewards and incentives for
this kind of research product. Furthermore, the Subcommittee suggests that there is an opportunity
to use these staff members to facilitate multi-directional communication, for example, to identify
research needs of users, to maximize involvement of users in the problem formulation stage of
research, and to provide user support.

• Recommendation 5.2: The Subcommittee suggests that ACE use a broad definition of “end-user” that
includes other researchers, ACE partners, policy makers, and the public and that reflects the range of
ways that ACE research is used.

SUMMARY OF RECOMMENDATIONS AND CONCLUSIONS 

Overall, the ACE Subcommittee found that the vision and  objectives in  the ACE StRAP are clearly 
articulated and the research topics and project areas are planned and organized appropriately. As a 
general conclusion, the Subcommittee agreed that the ACE plan provides a structured vision and 
actionable design to guide an ambitious research portfolio that delivers the science and engineering 
solutions the Agency needs to meet its priorities and fulfill its legislative mandates, with a specific focus 
on three stated objectives: 1) Assess impacts; 2) Prevent and reduce emissions; and 3) Prepare for and 
respond to changes in climate and air quality. The results of ACE program research support policies that 
have far-reaching positive impacts across the nation, including reducing health risks from air pollution, 
preparing for the impacts of climate change, and advancing more resilient and sustainable communities. 

The Subcommittee unanimously praised the quality of research produced by the ACE program that each 
subcommittee member was most familiar with and finds the breadth and depth of the research to be 
extremely impressive. The Subcommittee strongly endorses the value of and the need to continue 
allocation of resources directed to the synthesis and translation of the results of ACE research to ensure 
that it is used widely and effectively. Toward this end, the Subcommittee recommends that ACE identify 
and/or train the scientists that are best suited to synthesis and/or translation of research work and 
establish rewards and incentives for this kind of research product. Furthermore, there is an opportunity 
to use those staff members who are particularly proficient at synthesis and translation to facilitate multi- 
directional communication among ACE, its partners, and other users, for example, to identify research 
needs of users, to maximize involvement of users in the problem formulation stage of research, and 
provide user support. 

In view of the increasing need to prioritize the allocation of resources, the Subcommittee endorses 
maintaining high priority on core areas of research that ACE partners, the states, and other users rely 
heavily on, for example, emissions characterization, monitoring methodologies, and atmospheric/climate 
science. In this vein, the Subcommittee noted the need for developing new or replacing outdated federal 
reference methods for ambient pollutants; continuing the development of small, inexpensive sensors 
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suitable for criteria pollutants as well as emerging air pollutants such as ammonia; and continuing support 
of air dispersion model development in the areas of source attribution, dry deposition, and speciation 
profiles. 

The Subcommittee applauds the ACE focus on building on core strengths to support the evaluation of 
climate change impacts. The Subcommittee highlighted the increasing importance of understanding and 
predicting climate change-related human health effects, such as those associated with wildfires. This 
particular example illustrates the opportunity to leverage core ACE strengths in air emissions and modeling 
and to integrate with ongoing and planned research on climate change-related human health and 
environmental effects performed by ORD, other Federal agencies, and non-governmental 
organizations. As heat exposure and humidity play key roles in climate change-related health effects, the 
Subcommittee also noted the importance of including temperature and humidity in air quality modeling 
used to evaluate climate change impacts at all scales, from local to national and larger. Finally, the 
Subcommittee identified the need for measuring  and/or modeling  the changing  patterns  of pollen 
exposure as a research area that aligns well with ACE’s strengths and the program’s stated objective to 
prepare for and respond to changes in climate and air quality. 

On the topic of research planning and problem formulation, the Subcommittee applauds the ACE program 
for the breadth and diversity of approaches used for engaging partners. The Subcommittee suggests that 
program planning and implementation might also benefit from more direct involvement by one or more 
states at the problem formulation stage. The states serve a key role in both providing and using 
information generated by the ACE program, yet their interests and points of view are not always fully 
represented by EPA’s Regional Office partners. Direct involvement by one or more states should help 
ensure an on-the-ground perspective on needed tools and the ultimate implementation of research 
accomplishments into use and operations. 

The Subcommittee is sensitive to the tension between the increasing needs of ACE’s partners and 
constrained resources. In this environment, it is important to ensure the continuation of sufficient funding 
for program reviews by external experts, peer review, and other quality assurance activities to maintain 
a high quality product. The Subcommittee believes that the ACE program is highly focused on quality 
assurance; however, the Subcommittee would benefit from greater knowledge of quality assurance 
procedures in place for different types of ORD projects. 

In conclusion, the Subcommittee believes that the ACE StRAP articulates and organizes an ambitious but 
achievable research program that aligns with EPA’s objectives and mandates to protect air quality and 
take action on climate change. The Subcommittee looks forward to continuing to serve as a resource to 
the ACE program on technical and management issues related to its research programs. 
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Disclaimer Text. This report was written by the Human Health Research 
Subcommittee of the Board of Scientific Counselors, a public advisory committee 
chartered under the Federal Advisory Committee Act (FACA) that provides 
external advice, information, and recommendations to the Office of Research and 
Development (ORD). This report has not been reviewed for approval by the 
U.S. Environmental Protection Agency (EPA), and therefore, the report’s contents 
and recommendations do not necessarily represent the views and policies of EPA, 
or other agencies of the federal government. Further, the content of this report 
does not represent information approved or disseminated by EPA, and, 
consequently, it is not subject to EPA’s Data Quality Guidelines. Mention of trade 
names or commercial products does not constitute a recommendation for use. 
Reports of the  Board of Scientific Counselors are posted on the  Internet at 
http://www.epa.gov/osp/bosc. 
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LIST OF ACRONYMS 

AOP Adverse Outcome Pathway 
BOSC Board of Scientific Counselors 
CAAC Chemical Assessment Advisory Committee 
CASAC Clean Air Scientific Advisory Committee 
CSS Chemical Safety for Sustainability 
DAA Deputy Assistant Administrator 
EC Executive Committee 
EDSP Endocrine Disruptor Screening Program 
EPA U.S. Environmental Protection Agency 
FACA Federal Advisory Committee Act 
HERO Health and Environmental Research Online 
HHRA Human Health Risk Assessment 
HTT High-Throughput Toxicity Testing 
IT Information Technology 
MCHM 4-methylcyclohexanemethanol 
MIE Molecular Initiating Event 
NGO Non-governmental Organization 
NPD National Program Director 
OPPT Office of Pollution Prevention and Toxics 
ORD Office of Research and Development 
PCB Polychlorinated Biphenyl 
POC Proof of Concept 
QSAR Quantitative Structure-Activity Relationship 
RARE Regional Applied Research Effort 
RFA Request for Application 
SAB Science Advisory Board 
STAR Science to Achieve Results 
StRAP Strategic Research Action Plan 
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BACKGROUND 

The Chemical Safety for Sustainability (CSS)/Human Health Risk Assessment (HHRA) Subcommittee of the 
Environmental Protection Agency (EPA) Board of Scientific Counselors (BOSC) conducted its first annual 
review at the EPA’s Research Triangle Park Main Campus in Research Triangle Park, North Carolina on 
October 6-8, 2015. The following is the list of Subcommittee members who participated in the meeting: 

• Ponisseril Somasundaran, Ph.D., Subcommittee Chair, LaVon Duddleson Krumb Professor, Columbia
University

• Gina Solomon, M.D., M.P.H., Subcommittee Vice-chair, Deputy Secretary for Science and Health,
California Environmental Protection Agency

• Paloma Beamer, Ph.D., Associate Professor, Mel & Enid Zuckerman College of Public Health,
University of Arizona

• Dale Johnson, Ph.D., President and CEO, Emiliem Inc. and Elara Bioscience Inc.; Adjunct Professor,
University of Michigan and University of California-Berkeley

• Rebecca Klaper, Ph.D., Professor and Director of the Great Lakes Genomics Center, School of
Freshwater Sciences, University of Wisconsin-Milwaukee

• Jerzy Leszczynski, Ph.D., Professor, Jackson State University
• Jennifer McPartland, Ph.D., Senior Scientist, Environmental Defense Fund
• James Stevens, Ph.D., Distinguished Research Fellow, Eli Lilly and Company
• Donna Vorhees, Sc.D., Owner, The Science Collaborative; Adjunct Assistant Professor, Boston

University School of Public Health
• Katrina Waters, Ph.D., Scientist, Pacific Northwest National Laboratory
• Clifford P. Weisel, Ph.D., Professor, Environmental and Occupational Health Sciences Institute,

Rutgers University

EPA’s BOSC Executive Committee (EC) was chartered in 2014 to provide advice and recommendations on 
all aspects (technical and management) of the Office of Research and Development’s (ORD) research 
program. In July 2014, the BOSC EC joined the Science Advisory Board (SAB) to advise the EPA 
Administrator on EPA’s strategic research directions. To arrive at their recommendations, the SAB and 
BOSC EC reviewed preliminary drafts of ORD’s 2016-2019 Strategic Research Action Plans (StRAPs) for 
each of the six national research programs, and received briefings and additional background materials 
from ORD’s Deputy Assistant Administrator for Science and its National Program Directors (NPDs). This 
two-day meeting culminated in a report to the EPA Administrator in January of 2015. The programs then 
revised their StRAPs based upon the report. 

As the programs begin to implement the research outlined in the StRAPs, ORD is asking the BOSC to advise 
its Assistant Administrator as to whether ORD is “doing the science right?” The BOSC EC will address cross 
cutting issues of interest to ORD broadly while the program-specific BOSC subcommittees will provide 
targeted advice on accomplishing the program’s objectives and the research articulated in their 2016- 
2019 StRAPs. 

The BOSC CSS/HHRA Subcommittee was established to provide program-specific advice to EPA’s CSS 
Research Program, and a portion of EPA’s HHRA research program. 3  The vision of the CSS research 

............................... 
3 The SAB/BOSC review of the HHRA research program was restricted to its research areas and not its risk assessment 
products as these are given guidance by other review committees such as the SAB Clean Air Scientific Advisory 
Committee (CASAC) and the Chemical Assessment Advisory Committee (CAAC). 
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program is to lead development of innovative science to support safe, sustainable use of chemicals and 
materials required to promote ecological wellbeing, including human and environmental health, as well 
as to protect vulnerable species and populations. The HHRA research program  supports risk-based 
decisions by EPA, State/local/tribal agencies, and the public to protect public health and the environment, 
which are based on reliable, transparent, and high-quality risk assessment methods, models, and data. 
The CSS and HHRA research programs plan to engage the Subcommittee over the next several years to 
provide advice on the programs’ portfolios and to assess progress in addressing EPA’s needs. 

The Subcommittee was tasked with addressing a set of charge questions common to all of the BOSC 
subcommittee efforts this year related to program design, problem formulation, and responsiveness to 
partners’ (customers’) needs (General Charge Questions 1, 2, and 3). In addition, the Subcommittee was 
tasked with two questions specific to the CSS research program related to the scope and implementation 
of certain CSS research topic areas, and fit-for-purpose translation and knowledge delivery (CSS-Specific 
Charge Questions 4 and 5), and one question specific to the HHRA research program related to the 
characterization of new data and computational methods for risk assessment (HHRA-Specific Charge 
Question 6). 

These questions were designed to provide useful, high-level recommendations on relatively big-picture 
aspects of the programs’ design and operation, allowing the nascent Subcommittee to establish familiarity 
with the research programs, while at the same time, preparing the Subcommittee for future charges that 
will require a deeper understanding of the programs. 

CHARGE QUESTIONS AND CONTEXT 

Charge Question 1. Given the research objectives articulated in the StRAP, are the 
topics and project areas planned and organized appropriately to make good 
progress on these objectives in the 2016-2019 time frame? 

The StRAPs are designed to clearly convey the vision and objectives of the research program, and to 
describe, at a high level, the research topics, and major outputs planned for 2016-2019. Upon receiving 
recommendations from the SAB and the BOSC EC, as well as from EPA partners and others, ORD has 
further developed the StRAPs, including refining the objectives and topics, and providing more clarity. At 
an operational level, each research program is aiming to accomplish its objectives through research 
spanning physical, biological and social sciences and through numerous ORD laboratories, centers, and 
Science to Achieve Results (STAR) grantees all across the country. In addition, ORD has heeded the advice 
of the SAB and BOSC in past years to do more to integrate research across the six programs, across EPA 
and with other Federal partners. Given these complexities, we recognize there are likely several 
reasonable approaches for organizing the research to best accomplish the objectives. 

Charge Question 2. How effective are the approaches for involving the EPA partners 
in the problem formulation stage of research planning? 

ORD works with EPA partners to design the research programs to meet Agency priorities. The first step in 
this process is problem formulation which provides the foundation of the research. Although it can be 
tempting to jump to a list of research priorities, problems that are well defined lead to the most effective 
research efforts and solutions. The problem formulation stage of research planning lays the groundwork 
for the StRAPs and is the reference point for any changes in priorities as budgets change and new issues 
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emerge. Problem formulation occurs at many different levels including the articulation of issues in the 
EPA Strategic plan; meetings with EPA partners including regular staff-to-staff meetings; workshops and 
conferences where states, regions, policy and science staff describe the problems they face; and 
discussions among senior managers at EPA. In addition, each National Program Director reaches out to 
EPA partners in a variety of targeted ways to agree on problem definition. 

Charge Question 3. How well does the Program respond to the needs of EPA 
partners (program office and regional)? 

ORD places a very high value on working closely with EPA partners to design the research programs to 
meet Agency priorities. During the preparation of the StRAPs, the programs were guided by the EPA 
Strategic Plan and undertook a variety of activities to actively engage partners, both to understand their 
priorities and to elicit their input on research directions. These include many regular meetings with EPA 
policy and regional staff, communities of practice for specific scientific disciplines throughout the Agency, 
annual two day meetings led by the NPDs, annual senior level meetings with EPA Assistant and Regional 
Administrators, and formal requests from ORD’s Deputy Assistant Administrator (DAA) for science to 
receive comments from across the Agency twice during the year of StRAP development. 

In addition to the up-front work with EPA partners to understand their research needs for the upcoming 
year(s), ORD also needs to be flexible enough to address top priority, unanticipated needs or 
environmental crises that emerge at any given time. The research program will describe interactions with 
EPA partners, present examples of recent responsiveness to unexpected events, and explain how they 
work with EPA partners to accommodate acute needs while resources are limited. 

Specific to CSS: Charge Question 4. Please provide input on the scope and 
implementation for 2016-19 in the following topic areas: Complex System Science, 
Lifecycle Analytics, Chemical Evaluation 

EPA’s Chemical Safety for Sustainability Research Program (CSS) is leading the development of innovative 
science to support safe, sustainable selection, design, and use of chemicals and materials required to 
promote ecological wellbeing, including human and environmental health, as well as to protect vulnerable 
species, lifestages, and populations. The ultimate goal is to enable the Agency to address impacts of 
existing chemicals, anticipate impacts of new chemicals and materials, and evaluate complex interactions 
of chemical and biological systems to support Agency decisions. Working in conjunction with our partners 
in the EPA regulatory programs and regions, we have identified priority needs for information and 
methods to make better-informed, more-timely decisions about chemicals. CSS science is strategically 
scoped within three integrated Research Topics to support Agency priorities. 

Specific to CSS: Charge Question 5. Please provide input on opportunities and 
approaches for fit-for-purpose translation and knowledge delivery. 

CSS is committed to lead the translation and delivery of key research results to our partners through 
promoting web-based tools, data, and applications to support chemical safety evaluations and related 
decisions, respond to short-term high priority science needs for CSS partners, and allow for active and 
strategic engagement of the stakeholder community. 
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Specific to HHRA: Charge Question 6. Please comment on the research dimensions 
for the HHRA program and, in particular, the proposed approaches for 
characterization of new data and computational methods to improve confidence 
and build capacity for their application in the context of risk assessment. 

The HHRA program advances the scientific basis for risk assessment including development of 
contemporary hazard identification, dose-response assessment and cumulative risk methods, and 
through application of innovative computational methods and characterization of new data (such as the 
data developed through the CSS program). 

CSS STRAP OBJECTIVES AND PRIORITY RESEARCH TOPICS 

The CSS research program StRAP FY 16-19 is aligned around four major research objectives: (1) Build 
Knowledge Infrastructure; (2) Develop Tools for Chemical Evaluation; (3) Promote Complex Systems 
Understanding; (4) Translate and Actively Deliver. The research objectives serve as the overarching 
framework for more focused research topics that guide specific research and development activities. 
These include: 

Chemical Evaluation 

Advance cutting-edge methods and provide data for risk-based evaluation of existing chemicals and 
emerging materials. 

Life Cycle Analytics 

Address critical gaps and weaknesses in accessible tools and metrics for quantifying risks to human and 
ecological health across the life cycle of manufactured chemicals, materials, and products. Advance 
methods to efficiently evaluate alternatives and support more sustainable chemical design and use. 

Complex Systems Science 

Adopt a systems-based approach to examine complex chemical-biological interactions and predict 
potential for adverse outcomes resulting from exposures to chemicals. 

A fourth research topic focuses on translation and active delivery of CSS research and products, 
demonstration and application of CSS scientific tools, and knowledge delivery to EPA Partners: 

Solutions-based Translation and Knowledge Delivery 

(1) Promote Web-based tools, data, and applications focused on tailored solutions to support chemical 
safety evaluations and related decisions; (2) Respond to short-term high priority science needs for CSS 
partners; and (3) Allow for active and strategic engagement of the stakeholder community. 
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HHRA STRAP OBJECTIVES AND PRIORITY RESEARCH TOPICS 

The HHRA research program StRAP FY 16-19 is aligned around three major research objectives: (1) 
Characterize Risks, (2) Advance and Refine Assessment Methods; (3) Enhance and Engage. The research 
objectives serve as the overarching framework for more focused research topics that guide specific 
research and development activities. The BOSC CSS/HHRA Subcommittee is tasked with reviewing the 
portion of the HHRA research program that includes its research areas and not its risk assessment 
products. The specific HHRA research topics for review by the Subcommittee include: 

Community and Site-specific Risk 

Significant progress in environmental protection has occurred in the United States over the past decades, 
but many challenges remain, and some communities are disproportionately impacted. While many 
environmental problems are global, national and regional in nature, their impacts are experienced most 
acutely at the community level. 

Advancing Analyses and Applications 

The HHRA program is multidisciplinary and aimed at incorporating scientific innovations to advance 
analytic approaches and applications. Projects under this topic are targeted at enhancing hazard 
characterization, expanding the repertoire of dose-response methods and models, and characterizing the 
utility of emerging data and new computational tools as applied to risk assessment. Another project 
enhances and maintains databases and software support to ensure transparency, and facilitate 
understanding and translation to Agency partners and external stakeholders. These projects are critical 
to keeping assessment activities contemporary with emerging concepts in exposure sciences, advances in 
biotechnology, and the evolution of computational approaches and systems biology for understanding 
disease processes and ecosystem impacts. Refinements to current approaches are expected to improve 
the accuracy, efficiency, flexibility, and utility of applications across the large landscape of assessment 
activities served by the HHRA program and position it to be both more agile and better support 
characterization of wellness and sustainability. 

RECOMMENDATIONS 

Charge Question 1. Given the research objectives articulated in the StRAP, are the 
topics and project areas planned and organized appropriately to make good 
progress on these objectives in the 2016-2019 time frame? 

The Subcommittee was favorably impressed  by the breadth  and  depth of the Chemical Safety for 
Sustainability (CSS) and Human Health Risk Assessment (HHRA) programs, and by their accomplishments 
to date. The research programs articulate a clear vision of their overall mission and their plan to reach 
their objectives. Their cross cutting goals and projects contain novel solutions for addressing important 
data gaps. The research objectives articulated in the StRAPs are ambitious, especially in the case of the 
CSS, and they will be challenging to accomplish in the 2016-2019 time frame. Nonetheless, based on the 
Subcommittee’s review, specific topics and project areas are on-track to make important progress toward 
those goals by 2019. The CSS Program has the potential to be truly transformative of the work of EPA and 
of entire fields of science; the HHRA program provides a service that is cross-cutting and fundamental to 
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informing decisions both within and outside the Agency. Together, the two programs are demonstrating 
responsiveness to the relevant recommendations of the National Research Council on toxicity testing 
(2007), exposure science (2012), and  risk assessment (2008). The programs are demonstrating the 
potential to deliver the scientific foundation needed to address important knowledge gaps and thereby 
to enhance protection of human health and the environment while reducing uncertainty. 

Areas for Improvement 

The Subcommittee has identified information technology (IT) as a critical factor related to the overall 
success of the CSS and HHRA programs. There is an immediate need to evaluate the sufficiency of the IT 
resources and infrastructure available to support: (1) the research programs; and, (2) the necessary 
transfer and deployment of data and analytical tools to EPA partners (i.e., EPA program and regional 
offices) and the public. There is also a need to address public-facing website accessibility and functionality 
on a continual basis. The programs in CSS and HHRA are highly IT-intensive and will continue to be at an 
increased rate as new data, tools, and technologies are developed and established. The timely ability of 
CSS to release data and tools in fully interactive web-based interfaces is urgent. The IT challenges include 
multiple hurdles that relate to resources, hiring, contracting, purchasing, and Agency website rules. One 
example is the need to comply with directives requiring data transparency without sufficient support and 
‘IT space’ to deposit new tools and techniques in the public domain. 

EPA has multiple audiences and must remember that these audiences include technical experts as well as 
the general public. The Agency is required to present information to the public in plain English, which is 
important so that a non-technical audience understands EPA's scientific work. However, scientific data 
and tools often cannot be fully explained in simple language, and these data and tools must also be made 
publicly available. The Subcommittee recommends that different EPA communications should be tailored 
to the needs of different user communities, and that technical and scientific information should be 
presented in language appropriate to the target audience. The Subcommittee applauds both programs 
for their ongoing efforts to make data and tools publicly available and believes that addressing the IT and 
science communication issues is critical to the ability of both programs to achieve their objectives in the 
2016-2019 time frame. 

The research programs include a portfolio of methods, tools, and information that will grow and evolve 
in upcoming years. Case studies have been an integral part of the design and development of many 
scientific methods, and serve well here to explain and demonstrate the proposed approaches. The CSS 
research and product portfolio serves to address the paucity of data for a majority of chemicals that exist 
now. Some of these chemicals will eventually enter the environment, sometimes through unexpected 
means. As with any effort of this type, technological advances and new data will likely change the focus 
of scientific inquiry over time, causing some methods to become obsolete while others may be enhanced. 
Scientific portfolios can never remain static and must be continually evaluated and upgraded. We noted 
examples of such evolution already in the CSS Program (e.g., around development of screening tools for 
thyroid activity), as well as other areas where additional evolution is needed (e.g., around incorporating 
metabolism into various test platforms and models). 

The CSS Program could benefit from a well-defined “proof of concept” (POC) evaluation where actual 
outcomes can be measured against the expected outcomes within a specified timeframe. This evaluation 
would occur after the tools have been developed and introduced. In a 3-year timeframe, there should be 
several POCs, which could serve to reprioritize the portfolio, thereby possibly eliminating some tools or 
assays and bring in new methodologies within a defined budget. These types of POC evaluations will also 
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incentivize researchers toward creating highly reproducible tools and methods and will engender more 
confidence from the outside community. 

Given the very ambitious nature of the CSS program, it is important to manage the complex 
interdependencies and trade-offs to make sure the overall program will make tangible progress toward 
the longer term goal of changing, advancing and ultimately improving the way chemical evaluation is 
done. It is important to balance aspirational goals to change the state-of-the science and the real task of 
delivering, in a timely fashion, solutions to key questions. The enthusiasm of the CSS program is laudable, 
but there are real, significant, and critical interdependencies in, for example, the Adverse Outcome 
Pathway (AOP) definitions and the move toward systems approaches. Another example is the desire to 
integrate Virtual Tissue work into the AOP focus for risk assessment, but it is not yet clear how close the 
tissue models or next-generation culture systems are to realizing achievable, meaningful, and useful 
results. POC evaluations may also be helpful in this area. 

Summaries and timelines could help those external to the programs better understand what the programs 
are doing and where they are going. This exercise could be useful in operationalizing the StRAPs by 
summarizing all the deliverables and timelines in one place. Summaries and schematics could also be 
useful to show how the database tools interrelate and how they can be used individually and together. 

Fundamentally, both the CSS and the HHRA research programs are seeking to catalyze organizational 
change within the government and in the broader scientific community. Organizational change is 
extremely difficult, and it requires specific attention. It is clear that the science must be the top priority 
because it will be impossible to earn the confidence of the other EPA program offices, the regional offices, 
and the broader stakeholder communities if the science is not exceptionally strong and relevant. But even 
strong and relevant science will encounter resistance if it is too far ahead of the user community. For 
these reasons, the Subcommittee suggests that the CSS program  consider working with experts in 
organizational change as it continues efforts to engage partners within and outside the Agency. 

The programs in CSS and HHRA are—without question—some of the premier entities of the EPA. They 
present an opportunity to be a showcase of Agency innovation and guardianship of human and 
environmental health and sustainability. 
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Charge Question 2. How effective are the approaches for involving the EPA partners 
in the problem formulation stage of research planning? 

Based on positive testimonies from EPA partners, it appears that CSS and HHRA are effectively involving 
EPA partners (i.e., EPA program and regional offices) in the problem formulation stage of research 
planning and that there has been much improvement in facilitation of two-way communication with 
partners. CSS’s Connectome and HHRA’s Risky Business as well as monthly calls, webinars, and face-to- 
face interactions on-site with the partners have been successful in engaging EPA partners in planning 
StRAPs and generating excitement for research being performed by CSS and HHRA. 

Meeting with and sharing draft StRAPs with partners and explicitly and formally soliciting their feedback 
seems to be an effective means of involvement. This was further evident from specific examples provided 
by partners. For example, an internal workshop with the Office of Policy directly led to formation of many 
of the goals of Project 7 within HHRA. A representative from Region 3 reported that their region was able 
to provide input and contribute to the writing of STAR Requests for Applications (RFAs). 

In the HHRA program, tools are being developed to fulfill needs expressed for risk assessment. HERO is a 
great example to help with transparency. Clearly, there has been obvious effort to improve 
communication, and despite lack of funding for travel and IT support, there have been obvious efforts to 
develop virtual methods to connect with EPA partners. The program directors are commended for their 
efforts to transform the culture, and they are encouraged to continue to work with their management 
and executive council peers to maintain the energy in these efforts. 

Areas for Improvement 

It is difficult to assess the effectiveness of CSS and HHRA approaches of engaging the EPA partners when 
there are no formal evaluation metrics provided. We heard great reviews from EPA partners that were 
included in the StRAP development process, but it is not clear how representative they are of EPA partners 
or how effective the process is at reaching EPA partners. In the future, the process of engaging with 
partners could benefit from a more formal program evaluation. Program evaluation is a systematic 
method and research discipline in itself that can be used to assess the effectiveness and efficiency of a 
process and determine if it is meeting its goals. By formalizing the program evaluation, CSS and HHRA 
would be completing a more holistic needs assessment and could identify additional barriers to receiving 
input on problem formulation from partners. 

Recommendations 

1. There is an immediate need to evaluate the sufficiency of the IT resources and infrastructure
available to support: (1) the research programs; and, (2) the necessary transfer and deployment of
data and analytical tools to EPA partners and the public.

2. Different EPA communications should be tailored to the needs of different key communities;
technical and scientific information should be presented in language appropriate to the target
audience.

3. The CSS Program could benefit from a well-defined “proof of concept” (POC) evaluation where
actual outcomes can be measured against expected outcomes within a specified timeframe.

4. Summaries, schematics, and timelines could help those external to the programs better
understand what the programs are doing and where they are going.
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Another challenge in engaging EPA partners in the formulation stage, especially the regional offices, is 
that many of these employees are already strapped for time and resources. However, since early stage 
user involvement enhances the quality and success of tool and information deployment at the user level, 
CSS and HHRA should formalize a program to ensure this happens as a routine part of research 
formulation. There was a clear desire communicated by the EPA partners (particularly from the regions) 
for more face-to-face interactions. CSS and HHRA could look for more capabilities for travel or virtual 
interactions with their partners, or encourage more cross-office details. This would allow CSS and HHRA 
research staff to become more familiar with the day-to-day work of their partners and the problems they 
encounter that could most directly benefit from the research capabilities at CSS and HHRA. These efforts 
would definitely benefit from enhanced IT capabilities. HHRA Superfund technical support centers could 
engage NIEHS-funded Superfund Research Program investigators in responding to regulatory needs for 
regional partners, and developing case studies to evaluate HHRA tools and research products. 

Charge Question 3. How well does the Program respond to the needs of EPA 
partners (program office and regional)? 

According to the charge document, this question pertains to how well the CSS and HHRA research 
programs (1) work with their partners (i.e., EPA program and regional offices) to design research programs 
that meet Agency priorities, and (2) maintain flexibility in addressing “top priority unanticipated needs or 
environmental crises that emerge at any given time.” The BOSC Subcommittee heard presentations from 
representatives of several EPA regional and program offices describing CSS and HHRA efforts to achieve 
these two objectives. Presenters described largely successful efforts, but also noted some important 
opportunities for improvement. 

CSS research programs have provided important support to the work of the Office of Chemical Safety and 
Pollution Prevention. CSS research holds the promise of helping with evaluations of chemicals for which 
there is little if any exposure or toxicological information. The challenge associated with new chemicals 
and nanomaterials, illustrates the need and tremendous potential value of the high throughput and 
related technology being developed by CSS. Some EPA partners expressed great enthusiasm for the CSS 
product RapidTox, and others noted the use of CSS’s ToxCast for emergency response. 

EPA regional partners at times must make risk-based decisions for addressing chemicals with inadequate 
or nonexistent hazard and exposure data. They reported that the Regional Applied Research Effort (RARE) 
program is among the best available ways to meet these and other high-priority, near-term research 
needs of regional offices. HHRA research programs play a critical role in protecting public health by 
supplying research that informs regional decision-making and policy. HHRA provides regular individual 
technical support to regions that frequently goes undocumented. Archived webinars are very helpful. 
HHRA also has been critically important in emergency response actions, such as the spill that 
contaminated drinking water with 4-methylcyclohexanemethanol (MCHM) in West Virginia and the Gold 

Recommendations 

1. CSS and HHRA should establish a process to ensure that early stage user involvement happens as a
routine part of research formulation.

2. The process of engaging with partners could benefit from a more formal program evaluation. By
formalizing the program evaluation, CSS and HHRA would complete a more holistic needs
assessment and could identify additional barriers to receiving input on problem formulation from
partners.
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King mine spill in Colorado, as well as with preparation of guidance to help regional offices respond to 
specific exposure situations, such as polychlorinated biphenyls (PCBs) in schools. The development of 
acute toxicity values was highlighted as an important need by several EPA partners, and the Subcommittee 
believes this area needs greater emphasis in the HHRA program. 

Areas for Improvement 

Success of EPA partners depends on the successful transfer of science and technology to support prompt 
response to rapidly developing issues. Some regional staff report difficulty identifying the appropriate 
HHRA or CSS staff person to approach with a question, and that ORD does not always understand regional 
responsibilities. The successful transfer of science and technology requires effective connections between 
ORD staff and EPA partners and a mutual understanding of roles and responsibilities. This transfer of 
knowledge could be encouraged by dedicating a new budget line item to its implementation (e.g., EPA 
Partner Collaboration) with appropriate oversight. Planning and budgeting for collaboration will enhance 
the participation of EPA partners in problem formulation, the design of research and the successful use of 
research results at the regional and program levels. For example, it is important to explain how some of 
the CSS modeling programs demonstrated during the genius bar can be used to address EPA partner 
responsibilities and to plan for the time and continual training needed to ensure their successful 
application. The Subcommittee understands that the CSS program is hiring two new outreach people, and 
believes that dedicated staff will be an excellent investment in this area. Similar positions might also be 
helpful in the HHRA program. 

Regional and program offices are ideal “incubators” for pilot testing some ORD tools. CSS and HHRA should 
continue to engage partners in the development of new case studies that mimic realistic field scenarios 
and demonstrate the utility of CSS tools and methods with an explicit review process. Case studies 
described in the StRAPs were chosen in consultation with EPA partners over time via meetings, webinars, 
and other means. The case studies defined to date, such as application to the Endocrine Disruptor 
Screening Program, seem appropriate and useful. What remains unclear is exactly how case study success 
will be evaluated and how the proposed research will directly or indirectly support each of EPA’s various 
regulatory programs. How will EPA judge whether case studies achieve pre-specified goals? Formal goals 
and measures of success should be defined now to help guide the research program toward useful 
applications. EPA needs to look forward to possible uses of its research, such as risk-based decision- 
making, and to possible challenges or “roadblocks.” With this information, EPA should define its measures, 
or criteria, for success. EPA cannot make specific predictions about the utility of new tools and methods 
before it tests them. Measures of success could change over time as more experience and knowledge is 
gained. 
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Specific to CSS: Charge Question 4. Please provide input on the scope and 
implementation for 2016-19 in the following topic areas: Complex System Science, 
Lifecycle Analytics, Chemical Evaluation 

Complex Systems Science 

The CSS Research Program is uniquely positioned to help the Agency to advance the science on predictive 
exposure and toxicology to support a more systems-based approach to risk assessment in the future. 
Complex Systems Science has the potential to transform the field by translating in vivo/in vitro 
measurements and in silico predictions of molecular initiating events (MIEs) to modeled measures of 
adverse response that are reflective of apical endpoints using AOPs. 

Areas for Improvement 

There are several steps that need to occur to demonstrate the utility of this approach and create a strong 
framework for using these data in ecological and human health risk assessment. These steps include: 

1. Making the connection between data obtained from high throughput (developed from off-the-shelf
technologies that are not completely representative of anticipated mechanisms of action) to data and
assays indicative of defined AOPs (i.e., those that are supported by quantitative and qualitative
information that links the data to apical endpoints) used in risk assessment. The current programs
anticipate the need for both qualitative and quantitative modeling approaches. Qualitative models
are based on known network connectivity without kinetic/abundance data; whereas quantitative
models predict internal exposure and time-course with quantitative biological values. The CSS
program scientists fully understand that when a model increases in complexity the amount of “real”
data needed obviously increases, which is shown by the number of new technologies under
development for evaluation. Translation of AOPs from qualitative frameworks to quantitative
predictions could more effectively integrate high-throughput toxicity testing (HTT) and medium
throughput testing with risk assessment. Along the same lines, transitioning from a knowledge base
to a quantitative framework will require a concerted effort to generate dynamic data (both
concentration and time) and enable prediction of hazard or even risk with integration of dosimetry
and exposure assessment. While the computational complexity of truly simulating biological system
behavior from an AOP and complex systems data is probably beyond the 2019 timeframe, a proof-of- 
concept through a case study that would demonstrate the viability of such an approach could be
completed within that timeframe. Also, the continued integration between CSS and HHRA to work
backwards from apical endpoints to molecular initiating events (MIEs) and incorporate
dosimetry/exposure at the site of action will ensure greater confidence in the approach long-term.

Recommendations 

1. CSS and HHRA should continue to engage partners in the development of new case studies that
mimic realistic field scenarios and demonstrate the impact of their methods to influence informed
decisions for chemicals that lack sufficient data.

2. Formal goals and measures of success should be defined to help guide the research program
toward useful applications.

3. The transfer of knowledge to EPA partners could be encouraged by dedicating a new budget line
item to its implementation to enhance participation in problem formulation, the design of research
and the successful use of research results at the regional and program levels.

B-14



2. Expanding data beyond models of human toxicology (and pharmacology) to include organisms and
systems that can help make predictions for the environment as a whole. The Subcommittee
recognizes that CSS is expending some effort on ecosystem health in parallel with human AOPs (such
as estrogen agonism) however it’s not clear that similar cross-species extrapolations for other relevant
endpoints are in progress. ToxCast efforts and cross species extrapolations using molecular similarities
need to be verified with experimental data from environmentally relevant species to determine how
well predictions match endpoint data in a real world setting. For example, SeqAPASS appears to be a
very interesting first step towards making predictions across species for potential interactions of a
chemical with AOPs. However, experimental data is necessary to verify the predictions as more than
a theoretical exercise. For example, more genomic and  proteomic data on organisms that are
representative of species used in environmental risk assessments would provide more accurate
estimations for these tools. It will ultimately also be important to determine the combined effects of
chemicals in mixed systems as real life systems are composed of multiple chemicals with additive,
synergistic or antagonistic interactions. Over time as CSS and HHRA programs mature and science and
technology evolve, it will be essential to include interactions among multiple factors in the evaluation
of risks from exposures to chemicals. Added to the complexity is the fact that in many systems
conditions such as pH, dissolved solids and temperature can be changing continuously, step-wise or
suddenly. With hundreds of thousands of chemicals in the environment, computational chemistry
capability has to be developed to handle such complexity.

3. Creating and supporting the IT infrastructure needed to make the best use of the data from EPA and
external researchers to support the AOP/Complex Systems framework. The CSS AOP wiki concept
provides a unique opportunity to leverage the collective wisdom of the environmental health,
toxicology and risk assessment communities. One challenge is to build an ontology or lexicon with
sufficient IT structure, similar to Reactome, so that the database is searchable and the terminology is
standardized. CSS should consider working with other public database efforts to see if they can
leverage capabilities and define a community standard similar to Reactome. For example, the
structure provided on the wiki for the “androgen receptor agonism leads to reproductive dysfunction”
AOP is a good example of an AOP formatted to allow the multi-scale, multi-dimensional framework
necessary for applying systems approaches for prediction. At this early stage of development, this is
an opportunity for CSS to define a standard for the community. This type of research is based on both
the impacts of chemicals (CSS) as well as Sustainability of Communities and should be in coordination
with this other research focus area to provide strength.

The goal of the Virtual Tissues models is very important for predicting biological responses from 
physiological activity in relevant species and thus demonstrate the translation of in vitro measurements 
to a biological system response. In this way, the virtual tissue models are a complement to the HTS assay 
data and may be one possible mechanism to successfully predict the likelihood of adverse response for a 
chemical with only in vitro data and to identify gaps in biological space that require new assay 
development. If successful, virtual tissue models could eventually be used to formulate and parameterize 
AOPs in the most appropriate species beyond the 2019 time period. However in the absence of a 
contribution back to chemical evaluation or AOP framework or a conclusive demonstration that they have 
the capability to link to actual apical outcomes, they could be perceived as a theoretical exercise. The 
Subcommittee recommends that in the 2016-2019 timeframe, CSS develop a proof-of-concept case study 
that would demonstrate for an untested chemical that the biological activity defined in ToxCast translates 
to biological properties at the virtual tissue level leading to apical endpoints for physiological response in 
vivo. 
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Lifecycle Analytics 

A robust lifecycle analytics program is important to ensure the safe application of chemicals in their 
design, use, and disposal. CSS has an ambitious plan involving lifecycle analytics, although the plan is only 
in the early phases of implementation. This plan will be accomplished by the combination of four research 
project areas: Sustainable Chemistry, Emerging Materials, Life Cycle and Human Exposure Modeling, and 
Ecological Modeling. The CSS program proposes a combination of experimental approaches, development 
of new computational tools, and application of such tools to various aspects of chemicals. Lifecycle 
analytics are a crucial area for the 2016-2019 CSS research program design, and though it is an ambitious 
program, the previous accomplishments of various CSS components provide an indication that it could be 
successfully executed as proposed. 

Some of the strengths of the proposed approach include the fact that it applies various methods and 
techniques, such as high-throughput screening, mechanistic toxicology, cheminformatics, and 
computational chemistry, to the life cycle evaluations of chemicals. It also includes the development of 
important computational tools such as the Chemical Transformation Simulator. The program involves the 
academic community, through the STAR program, in development of the basis for understanding the 
impact of chemicals during their life cycle. Finally, the Subcommittee noted the collaboration among the 
labs and programs on ecological modeling linking molecular properties to ecosystem characteristics. 

Some challenges identified to date include the need for information on a large pool of compounds. 
Evaluation of new materials, such as nanomaterials, may require development of new, specific 
approaches since their properties depend not only on their chemical formula but also on their size, shape, 
and surface properties including chemical heterogeneity. Thus it is vital to recognize that the application 
of traditional methodologies used for non-nanoscale materials to  nanomaterials can not only yield 
inaccurate results but even misleading information. IT challenges exist here also, since the software 
developed will require constant updates and improvements. 

Areas for Improvement 

The already impressive CSS computational chemistry program could be further strengthened and focused 
on building reliable, quantum chemistry tools for predictions of toxicity and exposure of selected pools of 
chemicals and nanomaterials. A more robust computational chemistry program will assist CSS in 
preserving its leading role in application of computational tools to environmental problems and provide 
reliable, tested approaches. Other recommendations relate to how the program is communicated and on 
outreach about the lifecycle analytics work. For example, this program is very closely linked to the 
sustainability goals of the Agency, yet the specific links have not been made as clearly as they could be. 
Enhanced interactions with the public, including knowledge transfer about these useful tools and 
approaches, will be important as multiple entities undertake their own efforts at lifecycle analyses. There 
may also be opportunities to reach out across the Agency to involve Program offices in the effort, in order 
to enhance the uptake of the information as it is developed. 

Chemical Evaluation 

The Subcommittee commends the ToxCast programs for the advances they have made in in-vitro and in- 
silico molecular biological approaches for evaluating of toxicity of chemicals. CSS has established a large 
database of biological and biochemical activity data for chemicals, including those with unknown effects, 
which is an invaluable resource for the scientific community around the world. As pointed out under 
responses to questions 2 and 3, CSS has in fact applied that information to real public health and 
environmental health issues in the field. Other programs at EPA are starting to use information from 

B-16



ToxCast to help inform risk decisions and provide solutions and monitoring methods for regional needs 
and rapid response to environmental events. These are clear demonstrations of impact to both program 
and regional needs. As the CSS program expands to incorporate a broader array of approaches, including 
medium-throughput assays, and exposure science tools, new opportunities will appear. 

Areas for Improvement 

The Subcommittee identified several challenges that need to be addressed as CSS efforts move forward. 

1. Moving from  concentration-based, single time biochemical data to  also include more dynamic,
exposure-based predictions of altered biological activity over multiple time points. It is well known
that toxicity is a dynamic event which results in a perturbation of dynamic biological systems, and
where reaction fluxes constantly are altered in response to changing chemical and stress
environments. Systems toxicology models must be developed that incorporate both fast and slow
components, such as enzyme reactions, and transcription, translation and signaling. This will be
extremely important when the difficult modeling of multiple simultaneous chemical exposures takes
place. An example of collecting more dynamic data would be the continuous collection of data over a
72 hour period for certain assays (e.g. zebrafish, neurite outgrowth) rather than at specified time
points. Such an approach could help identify sensitive periods, mechanisms, and information on
cumulative effects. Furthermore, each compound may display a difference in the flux of events
leading to a toxic endpoint.

2. Incorporation of metabolism and/or metabolites into the various screening programs is an important
challenge to address, since for many compounds metabolites are the putative toxic entity. Predictive
models are being used, and an effort should be made to evaluate whether certain important
metabolites could be added to the ToxCast pool of chemicals. Appropriate metabolizing additions
(e.g., S9 liver fraction) are also being evaluated for new in vitro assays under development, and should
continue to be pursued. The current scientific staff is well aware of the challenges regarding
metabolism and has started to incorporate the issue into future programs which will be critical for
new work in progress. The desire for stronger integration with quantitative structure-activity
relationship (QSAR) modeling for read-across and prediction of metabolism has resulted in several
new hires to address that gap. This will also require some thought into the actual chemical space
represented by the ToxCast chemicals, and whether this has to be expanded.

3. Integration of internal dosimetry with target tissue(s), and margins of exposure in relation to toxicity
events, are key to the translation from hazard to risk. Maintaining that focus and appropriately
resourcing the efforts will be essential for success. Selection of new ToxCast compounds should
consider specific needs both for enhanced modeling as well as the needs of the risk assessors. As
mentioned earlier, multiple chemicals per AOP, as defined by relevant co-occurring mixtures, will
represent a large challenge and will potentially add an increased level of uncertainty to AOP modeling,
which highlights the importance of including HTS screening of important mixtures. It will be important
that real world data on chemical exposures be used to define new chemical space and/or mixtures
that can be added to the HTT program. The CSS program has a number of important ongoing efforts
focused on exposure science, including ExpoCast, other exposure modeling, and extramural funding
focused on exposure. The Subcommittee supports the use of program resources to develop and
improve exposure models, as well as to develop and deploy other approaches to measure exposure.
The Subcommittee would welcome the opportunity to review the exposure science aspects of the CSS
program in more detail in the future.

4. Although ToxCast has provided a plethora of data, the assays that were used for this enormous
investment were largely created for evaluation of pharmaceuticals and alternative targets for
medicine. The scientists in CSS recognize that this is a weakness of ToxCast. Adding knowledge from
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Complex Systems research and defining new assays that will be necessary for the results to be actually 
predictive for risk assessment, such as the assays developed for thyroid dysregulation and 
neurotoxicity, can provide a stronger basis for HTS modeling and predictive capabilities, effectively 
closing the iterative loop of internal integration across the CSS program. In addition, in order to 
understand the complex systems beyond human, mouse, and rat to other organisms that are 
important in the environment, there needs to be inclusion in HTS as well as molecular target assay 
development that includes species that provide a broader representation of organisms used in 
laboratory and environmental risk assessments. Translation across species is a key tool for risk 
assessment. SeqAPASS, as demonstrated, appears to be a good tool for translating sequence across 
species for assay targets in ToxCast. The BOSC Subcommittee would like to know how this can be 
better used or augmented to predict structure and ultimately activity necessary for risk assessment. 
For example, are there structural biology approaches that could be used to improve prediction of 
function (and potential outcomes) across species that can then be used for assay development that 
can provide improved predictive capability? 

When the ToxCast  Program  was launched, HTT  technologies and computational chemistry in 
pharmaceutical research were already mainstream. Yet, they still had to make important shifts along the 
way to move from predicting biological activity for pharmaceuticals to using it for prioritizing chemicals 
for tier 2 testing. The microphysiological systems and computational biology approaches being employed 
in the Complex Systems program are an order of magnitude more complicated and are rapidly emerging 
disciplines. What can be learned from the history of the Chemical Evaluation Program to ensure the 
success of the Complex Systems Program? 

Specific to CSS: Charge Question 5. Please provide input on opportunities and 
approaches for fit-for-purpose translation and knowledge delivery. 

The Subcommittee is encouraged by steps taken and planned for the translation and delivery of CSS 
products to Agency partners and key external stakeholders (e.g., non-governmental organization (NGO) 
community, industry, and academia). In particular, the Subcommittee is pleased that Solutions-Based 

Recommendations 

1. ToxCast efforts and cross species extrapolations using computational approaches should be
verified with experimental data from environmentally relevant species to determine how well
predictions match endpoint data in a real world setting. Molecular target assay development
should also include species that provide a broader representation of organisms used in laboratory
and environmental risk assessments.

2. CSS evaluations should include metabolism, as well as interactions among multiple chemicals. HTS
screening of important mixtures of chemicals and of metabolites will help to address uncertainties
and serve the needs of AOP modeling of mixtures.

3. CSS should develop a proof-of-concept case study that would demonstrate for an untested
chemical that the biological activity defined in ToxCast translates to biological properties at the
virtual tissue level that lead to apical endpoints for physiological response in vivo.

4. CSS should consider dynamic analysis over multiple time points and/or continuous data collection
for specified time intervals in some assays to replicate the actual dynamic events that occur in vivo.
This will be extremely important as chemical mixtures are added to screening efforts.

5. CSS should select assays for inclusion in ToxCast and additional chemicals for screening based on
evidence of actual exposure and the needs of exposure and dose modeling and risk assessment.
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Translation and Knowledge Delivery4 represents one of the four core CSS integrated research topics5

within its Strategic Research Action Plan (StRAP). Ultimate success of CSS fit-for-purpose translation and 
knowledge delivery will require that CCS continue to prioritize this component of the StRAP in parallel 
with progress made in the other core research topics. 

CSS highlighted a handful of ongoing collaborative efforts with EPA program and regional offices intended 
to demonstrate how CSS products can be used to support programmatic and regional activities and 
simultaneously support further refinement and development of such products. Examples include EPA’s 
Endocrine Disruptor Screening Program (EDSP) where the Agency has recently taken public comment on 
the integration of a CSS product, the Estrogen Receptor Expert Model, into the EDSP Tier 1 testing battery; 
and collaborative ecology-focused AOP development work with Regions 5 and 8. Several program and 
regional offices expressed enthusiasm for RapidTox as a preliminary screen for data poor chemicals. 
Additionally, the Subcommittee learned about past and future conferences and events where CSS 
products, such as the iCSS dashboard, have been or will be demonstrated (e.g., during genius bar sessions). 
The Subcommittee also learned about CSS stakeholder outreach efforts including the ToxCast data 
summits and the EPA-NIEHS-EDF meeting focused on applications of CSS and related federal tools in 
environmental health research related to neurological disorders and disease. 

Areas for Improvement 

While the Subcommittee commends CSS for its efforts to ensure that its research products are accessible 
(knowledge delivery) and can be applied to meet specific purposes of its various stakeholders (fit-for- 
purpose translation), the Subcommittee shares CSS’s sentiment that there is a need to increase the 
scientific literacy of partners on CSS data and tools. Presentations from regional and program partners 
were positive with nearly unanimous agreement on the potential value and utility of CSS products for 
various regional and programmatic activities. These EPA partners did signal, however, that more 
experience, training, and demonstration will be needed to realize this potential. For example, 
representatives from the Office of Pollution Prevention and Toxics (OPPT) mentioned that carving out 
time to bring ORD researchers to meet with OPPT scientists has been a challenge to successful science 
knowledge transfer of CSS research products to potential OPPT applications. Region 8 indicated that 
better ways are needed to connect ORD staff scientists with regional scientists and that additional 
mechanisms beyond RARE are needed to facilitate collaborations between these scientists. 

With regard to external engagement, CSS highlighted the joint EPA-NIEHS-EDF meeting as a valuable 
opportunity for understanding the interest and needs of academics, such as molecular epidemiologists, 
to utilize CSS products. More opportunities for CSS to connect with key external partners and stakeholders 
would greatly aid uptake of CSS research products (knowledge transfer) and identification of how fit-for- 
purpose tools can be developed for various audiences with different interests in the application of CSS 
products. Success in fit-for-purpose knowledge delivery will require action at multiple levels. 

CSS needs to be equipped with an IT infrastructure that matches the caliber and volume of research 
products it produces. The Subcommittee learned that existing IT infrastructure can be a significant 

............................... 
4 The Strategic Research Action Plan (StRAP) for EPA’s Chemical Safety for Sustainability (CSS) Research Program 
defines Solutions-Based Translation and Knowledge Delivery as, “Promote Web-based tools, data, and applications 
to support chemical safety evaluations and related decisions, respond to short-term high priority science needs for 
CSS partners, and allow for active and strategic engagement of the stakeholder community.” 
5 The four CSS StRAP integrated research topics are Chemical Evaluation, Life Cycle Analytics, Complex Systems 
Science, and CSS Translation and Delivery. 
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hindrance to achieving CSS goals around science-based translation and knowledge delivery. In addition, 
CSS research products are continuously updated online with new and refined data and tools, sometimes 
resulting in significant changes in how results for individual chemicals or tests are interpreted. Those 
updates are not always clearly communicated to partners and stakeholders. 

The Subcommittee recognizes the significant time that information-sharing and training requires as well 
as the budgetary realities of supporting the ideal scope of internal and external partner outreach and 
engagement. Nevertheless, successful knowledge transfer, development and evaluation of fit-for-purpose 
tools requires ongoing interaction with key partners. 

CSS clearly views translation of its research products as central to the success of the program and has 
made significant strides in this regard. The Subcommittee looks forward to reviewing future progress in 
the uptake and use of emerging CSS data and tools by internal and external partners. 

Specific to HHRA: Charge Question 6. Please comment on the research dimensions 
for the HHRA program and, in particular, the proposed approaches for 
characterization of new data and computational methods to improve confidence 
and build capacity for their application in the context of risk assessment. 

The HHRA research program is adapting and propagating an open and transparent approach to efficient 
use of technology tools for conducting and reviewing risk analysis. 

• Bringing in information scientists to develop Health and Environmental Research Online (HERO) is a
laudable approach that should help to integrate necessary literature reviews and increase
transparency for work products.

• ExpoBox houses many tools from the simplest to the more complex and has multiple different search
capabilities with the potential for characterizing site specific exposures.

• BMDS provides an on-line framework for risk estimation that provides a comparison for different
approaches including those used internationally.

The HHRA research program is appropriately beginning to use information from CSS to obtain rapid 
toxicological information for novel and emerging chemicals, especially in emergency response situations 
and where traditional data are not available. 

Recommendations 

1. The Subcommittee strongly recommends that CSS systematically identify IT needs and
communicate these needs to those within the Agency who can enable and deliver the appropriate
IT infrastructure to the program.

2. The Subcommittee recommends that CSS implement a system to clearly communicate when
additions and modifications to partner-facing research products are made—noting not only when
products have been updated but also the nature of such updates.

3. The Subcommittee recommends that CSS outline what opportunities there may be for more
formalized interaction, training, and feedback with key partners and then determine what
incremental steps can be taken in the near-term. In doing so, CSS should consider the EPA
Sustainable Futures Program as a possible model for training.
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The Subcommittee commends the HHRA research program for examining the application of genetic and 
epigenetic data to inform the understanding of susceptibility and variability in cumulative risk assessment 
methods. Developing a framework for the incorporation of this information into risk assessment and 
transmitting those approaches across the Agency will be a challenge but if successful could significantly 
improve chemical risk assessment. 

The Subcommittee also commends the HHRA research program for continuing to work on developing 
approaches to cumulative risk assessment. Including non-chemical stressors as one of the components of 
cumulative risk assessment is particularly difficult but is scientifically important and should continue to be 
pursued. Cumulative impacts may also be useful to consider in the future as part of a benefits analysis. 
The Subcommittee particularly encourages continued efforts to incorporate factors such as poverty, 
stress, noise, and local community concerns in cumulative risk assessments, as relevant to each decision 
context. 

The HHRA research program is using systems tools to obtain new data and identify resources and expertise 
to develop risk evaluation for emergency response to poorly-studied chemicals in collaboration with and 
to meet the needs of regional and program office partners. This reflects a broad commitment on the part 
of the HHRA research program to meet the needs of program partners. 

Areas for Improvement 

This program is heavily dependent upon IT and personnel resources to conduct literature reviews, 
populate and maintain HERO, and incorporate newer data into risk assessments. In particular, compiling 
older hard copy literature into the HERO database is time consuming and may need additional human and 
IT resources. 

Exposure evaluation using real-time sensor data is both an opportunity and challenge. Sensors can provide 
improved rapid response capabilities, tools that can be used by a broad range of users including people 
with less technical knowledge, and generation of a wider range of data on spatial and temporal 
concentrations. However, sensor data may require additional levels of quality assurance in the field and 
generate large amounts of data requiring higher levels of expertise to interpret. The HHRA program should 
endeavor to anticipate and respond to the likely increase in these data, whether collected by the program 
and its partners or entities outside of EPA. 

Improving the confidence that program and regional partners have with preliminary or predictive risk 
assessments based on computational methods though the combined effort of CSS and HHRA will continue 
to be important in the future. This will necessitate an ongoing commitment to training and collaboration. 
Achieving this will require continuing and expanding efforts to have face-to-face meetings with the 
program offices and regional scientists and may require tailored approaches based on needs. 

Overall, the Subcommittee is very impressed with the HHRA research program. HHRA should continue its 
current efforts to explore, employ, and strengthen different approaches for risk assessment using 
informatics and other methods to help tailor its approaches to the specific decision-making needs of its 
partners. New data streams may become part of screening evaluations, evaluations of public health 
concerns, informing regulatory and technological decisions, prioritizing research needs and funding, and 
even developing approaches for cost-benefit analyses. 
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SUMMARY LIST OF RECOMMENDATIONS 

Charge Question 1. Given the research objectives articulated in the StRAP, are the 
topics and project areas planned and organized appropriately to make good 
progress on these objectives in the 2016-2019 time frame? 

• Recommendation 1.1: There is an immediate need to evaluate the sufficiency of the IT resources and
infrastructure available to support: (1) the research programs; and, (2) the necessary transfer and
deployment of data and analytical tools to EPA partners and the public.

• Recommendation 1.2: Different EPA communications should be tailored to the needs of different key
communities; technical and scientific information should be presented in language appropriate to the
target audience.

• Recommendation 1.3: The CSS Program could benefit from a well-defined “proof of concept” (POC)
evaluation where actual outcomes can be measured against expected outcomes within a specified
timeframe.

• Recommendation 1.4: Summaries, schematics, and timelines could help those external to the
programs better understand what the programs are doing and where they are going.

Charge Question 2. How effective are the approaches for involving the EPA partners 
in the problem formulation stage of research planning? 

• Recommendation 2.1: CSS and HHRA should establish a process to ensure that early stage user
involvement happens as a routine part of research formulation.

Recommendations 

1. HHRA should develop acute or non-lifetime reference doses/reference concentrations when data
are available and as warranted by the decision context. These non-lifetime approaches may be well
suited to new data streams and have been requested by regional offices and other program offices
within EPA.

2. HHRA should continue its commendable efforts to connect with scientists in the regional offices,
program offices, and NIEHS Superfund Centers to leverage the new scientific tools in risk
assessment to be relevant to site specific exposures and for transmission of risk information to the
public.

3. HHRA should explore the feasibility of using the CSS rapid toxicological and exposure tools to
develop preliminary risk-based screening levels for data-poor chemicals. One area to explore might
be to focus on data-poor chemicals or even on tentatively identified compounds (“TICs”) identified
at cleanup sites or in surface water samples in the regions. Such chemicals are currently
unregulated and they may deserve some scrutiny for potential risks.

4. The various online tools, especially ExpoBox, could benefit from an overarching guidance
document or navigation guide that considers the different levels of expertise of the intended users.
Two examples of potential improvements are: (1) searches that bring up lists of links could also
provide some insight on the capabilities of each tool and the inputs needed for deploying them;
and (2) providing more curation of the outputs would be helpful to facilitate comparison and
selection of a tool appropriate to specific applications.
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• Recommendation 2.2: The process of engaging with partners could benefit from a more formal
program evaluation. By formalizing the program evaluation, CSS and HHRA would complete a more
holistic needs assessment and could identify additional barriers to receiving input on problem
formulation from partners.

Charge Question 3. How well does the Program respond to the needs of EPA 
partners (program office and regional)? 

• Recommendation 3.1: CSS and HHRA should continue to engage partners in the development of new
case studies that mimic realistic field scenarios and demonstrate the impact of their methods to
influence informed decisions for chemicals that lack sufficient data.

• Recommendation 3.2: Formal goals and measures of success should be defined to help guide the
research program toward useful applications.

• Recommendation 3.3: The transfer of knowledge to EPA partners could be encouraged by dedicating
a new budget line item to its implementation to enhance participation in problem formulation, the
design of research and the successful use of research results at the regional and program levels.

Specific to CSS: Charge Question 4. Please provide input on the scope and 
implementation for 2016-19 in the following topic areas: Complex System Science, 
Lifecycle Analytics, Chemical Evaluation 

• Recommendation 4.1: ToxCast efforts and cross species extrapolations using computational
approaches should be verified with experimental data from environmentally relevant species to
determine how well predictions match endpoint data in a real world setting. Molecular target assay
development should also include species that provide a broader representation of organisms used in
laboratory and environmental risk assessments.

• Recommendation 4.2: CSS evaluations should include metabolism, as well as interactions among
multiple chemicals. HTS screening of important mixtures of chemicals and of metabolites will help to
address uncertainties and serve the needs of AOP modeling of mixtures.

• Recommendation 4.3: CSS should develop a proof-of-concept case study that would demonstrate for
an untested chemical that the biological activity defined in ToxCast translates to biological properties
at the virtual tissue level that lead to apical endpoints for physiological response in vivo.

• Recommendation 4.4: CSS should consider dynamic analysis over multiple time points and/or
continuous data collection for specified time intervals in some assays to replicate the actual dynamic
events that occur in vivo. This will be extremely important as chemical mixtures are added to
screening efforts.

• Recommendation 4.5: CSS should select assays for inclusion in ToxCast and additional chemicals for
screening based on evidence of actual exposure and the needs of exposure and dose modeling and
risk assessment.

Specific to CSS: Charge Question 5. Please provide input on opportunities and 
approaches for fit-for-purpose translation and knowledge delivery. 

• Recommendation 5.1: The Subcommittee strongly recommends that CSS systematically identify IT
needs and communicate these needs to those within the Agency who can enable and deliver the
appropriate IT infrastructure to the program.
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• Recommendation 5.2: The Subcommittee recommends that CSS implement a system to clearly
communicate when additions and modifications to partner-facing research products are made—
noting not only when products have been updated but also the nature of such updates.

• Recommendation 5.3: The Subcommittee recommends that CSS outline what opportunities there
may be for more formalized interaction, training, and feedback with key partners and then determine
what incremental steps can be taken in the near-term. In doing so, CSS should consider the EPA
Sustainable Futures Program as a possible model for training.

Specific to HHRA: Charge Question 6. Please provide input on opportunities and 
approaches for fit-for-purpose translation and knowledge delivery. 

• Recommendation 6.1: HHRA should develop acute or non-lifetime reference doses/reference
concentrations when data are available and as warranted by the decision context. These non-lifetime
approaches may be well suited to new data streams and have been requested by regional offices and
other program offices within EPA.

• Recommendation 6.2: HHRA should continue its commendable efforts to connect with scientists in
the regional offices, program offices, and NIEHS Superfund Centers to leverage the new scientific tools
in risk assessment to be relevant to site specific exposures and for transmission of risk information to
the public.

• Recommendation 6.3: HHRA should explore the feasibility of using the CSS rapid toxicological and
exposure tools to develop preliminary risk-based screening levels for data-poor chemicals. One area
to explore might be to focus on data-poor chemicals or even on tentatively identified compounds
(“TICs”) identified at cleanup sites or in surface water samples in the regions. Such chemicals are
currently unregulated and they may deserve some scrutiny for potential risks.

• Recommendation 6.4: The various online tools, especially ExpoBox, could benefit from an overarching
guidance document or navigation guide that considers the different levels of expertise of the intended
users. Two examples of potential improvements are: (1) searches that bring up lists of links could also
provide some insight on the capabilities of each tool and the inputs needed for deploying them; and
(2) providing more curation of the outputs would be helpful to facilitate comparison and selection of
a tool appropriate to specific applications.
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Disclaimer Text. This report was written by the Human Health Research 
Subcommittee of the Board of Scientific Counselors, a public advisory committee 
chartered under the Federal Advisory Committee Act (FACA) that provides 
external advice, information, and recommendations to the Office of Research and 
Development (ORD). This report has not been reviewed for approval by the 
U.S. Environmental Protection Agency (EPA), and therefore, the report’s contents 
and recommendations do not necessarily represent the views and policies of EPA, 
or other agencies of the federal government. Further, the content of this report 
does not represent information approved or disseminated by EPA, and, 
consequently, it is not subject to EPA’s Data Quality Guidelines. Mention of trade 
names or commercial products does not constitute a recommendation for use. 
Reports of the  Board of Scientific Counselors are posted on the  Internet at 
http://www.epa.gov/osp/bosc. 
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LIST OF ACRONYMS 

BOSC Board of Scientific Counselors 
BOTE Bio-Response Operational Testing and Evaluation 
CBR chemical, biological, and radiological 
CBRN chemical, biological, radiological, and nuclear 
CIS Customer Information Systems 
DAA Deputy Assistant Administrator 
DeconST Decontamination Selection Tool 
EC Executive Committee 
EPA U.S. Environmental Protection Agency 
ERLN Environmental Response Laboratory Network 
FACA Federal Advisory Committee Act 
GIS Geographic Information System 
HSRP Homeland Security Research Program 
ICS Industrial Control Systems 
IWASTE Incident Waste Decision Support Tools 
NAS National Academies of Sciences 
NPD National Program Director 
ORD Office of Research and Development 
OSTP Office of Science and Technology Policy 
RSMS Riverine Spill Modeling System 
SAB Science Advisory Board 
SAM Selected Analytical Methods 
STAR Science to Achieve Results 
StRAP Strategic Research Action Plan 
TEVA-SPOT Threat Ensemble Vulnerability Assessment – Sensor Placement Optimization Tool 
WEST Waste Estimation Support Tool 
WLA Water Laboratory Alliance 
WST Water Security Toolkit 

C-3



BACKGROUND 

The Homeland Security Subcommittee of the Environmental Protection Agency (EPA) Board of Scientific 
Counselors (BOSC) conducted its first annual review at the EPA Cincinnati Headquarters in Cincinnati, OH 
on August 25, 26, and 27, 2015. The following is the list of Subcommittee members and all members were 
present for the entire meeting: 

• Paula J. Olsiewski, PhD, Subcommittee Chair, Program Director, Alfred P. Sloan Foundation
• Tammy P. Taylor, PhD, Subcommittee Vice-chair, Chief Operating Officer, National Security

Directorate, Pacific Northwest National Laboratory
• Andrew DeGraca, Water Quality Division Director, San Francisco Public Utilities
• Edward Hackney, Director of Revenue Management, United Water
• Janis E. Hulla, PhD, DABT, ERT, ATS Senior Toxicologist, US Army Corps of Engineers,

Environmental Engineering Branch, Sacramento District
• Debra R. Reinhart, PhD, Assistant Vice President for Research, Office of Research and

Commercialization, University of Central Florida
• Edwin A. Roehl, Jr., Chief Technical Officer, Advanced Data Mining International, LLC
• Monica L. Schoch-Spana, PhD, Senior Associate, Center for Health Security, University of

Pittsburgh Medical Center

EPA’s BOSC Executive Committee (EC) was chartered in 2014 to provide advice and recommendations on 
all aspects (technical and management) of the Office of Research and Development’s (ORD) research 
program. In July 2014, the BOSC EC joined the Science Advisory Board (SAB) to advise the EPA 
Administrator on EPA’s strategic research directions. To arrive at their recommendations, the SAB and 
BOSC EC reviewed preliminary drafts of ORD’s 2016-2019 Strategic Research Action Plans (StRAPs) for 
each of the six national research programs, and received briefings and additional background materials 
from ORD’s Deputy Assistant Administrator for Science and its National Program Directors. This two-day 
meeting culminated in a report to the EPA Administrator in January of 2015. The programs then revised 
their StRAPs based upon the report. 

As the programs begin to implement the research outlined in the StRAPs, ORD is asking the BOSC to advise 
its Assistant Administrator as to whether ORD is “doing the science right?” The BOSC EC will address cross 
cutting issues of interest to ORD broadly while the program-specific BOSC subcommittees will provide 
targeted advice on accomplishing the program’s objectives and the research articulated in their 2016- 
2019 StRAPs. 

The BOSC Homeland Security Subcommittee was established to provide program-specific advice to EPA’s 
Homeland Security Research Program (HSRP). The mission of the HSRP is to conduct research and deliver 
products that improve the capability of EPA to carry out its homeland security responsibilities. The 
Program conducts applied, relevant research and aims to deliver useful products to the end users of this 
work. HSRP plans to engage the Subcommittee over the next several years to provide advice on the 
Program’s portfolio and to assess progress in addressing EPA’s needs. 
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The Subcommittee was tasked with addressing a set of questions common to all of the BOSC 
subcommittee efforts this year and are related to program design, problem formulation, and 
responsiveness to partners’ (customers’) needs (Questions 1, 2, and 3). In addition, the Subcommittee 
was charged with several questions developed by the HSRP regarding including transition of results to end 
users (Question 4) and how the Program might effectively incorporate social science into its research 
efforts (Question 5). 

These questions were designed to provide useful, high-level recommendations on relatively big-picture 
aspects of the Program’s design and operation, allowing the nascent Subcommittee to establish familiarity 
with the entire Program, while at the same time, preparing the Subcommittee for future charges that will 
require a deeper understanding of the Program. 

CHARGE QUESTIONS AND CONTEXT 

Charge Question 1. Given the research objectives articulated in the StRAP, are the 
topics and project areas planned and organized appropriately to make good 
progress on these objectives in the 2016-2019 time frame? 

The StRAPs are designed to clearly convey the vision and objectives of the research program, and to 
describe, at a high level, the research topics, and major outputs planned for 2016-2019. Upon receiving 
recommendations from the SAB and the BOSC EC, as well as from EPA partners and others, ORD has 
further developed the StRAPs, including refining the objectives and topics, and providing more clarity. At 
an operational level, each research program is aiming to accomplish its objectives through research 
spanning physical, biological and social sciences and through numerous ORD laboratories, centers, and 
Science to Achieve Results (STAR) grantees all across the country. In addition, ORD has heeded the advice 
of the SAB and BOSC in past years to do more to integrate research across the six programs, across EPA 
and with other Federal partners. Given these complexities, we recognize there are likely several 
reasonable approaches for organizing the research to best accomplish the objectives. 

Charge Question 2. How effective are the approaches for involving the EPA partners 
in the problem formulation stage of research planning? 

ORD works with EPA partners to design the research programs to meet Agency priorities. The first step in 
this process is problem formulation which provides the foundation of the research. Although it can be 
tempting to jump to a list of research priorities, problems that are well defined lead to the most effective 
research efforts and solutions. The problem formulation stage of research planning lays the groundwork 
for the StRAPs and is the reference point for any changes in priorities as budgets change and new issues 
emerge. Problem formulation occurs at many different levels including the articulation of issues in the 
EPA Strategic plan; meetings with EPA partners including regular staff-to-staff meetings; workshops and 
conferences where states, regions, policy and science staff describe the problems they face; and 
discussions among senior managers at EPA. In addition, each National Program Director reaches out to 
EPA partners in a variety of targeted ways to agree on problem definition. 
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Charge Question 3. How well does the Program respond to the needs of EPA 
partners? 

ORD places a very high value on working closely with EPA partners to design the research programs to 
meet Agency priorities. During the preparation of the StRAPs, the programs were guided by the EPA 
Strategic Plan and undertook a variety of activities to actively engage partners, both to understand their 
priorities and to elicit their input on research directions. These include many regular meetings with EPA 
policy and regional staff, communities of practice for specific scientific disciplines throughout the Agency, 
annual two day meetings led by the National Program Directors (NPDs), annual senior level meetings with 
EPA Assistant and Regional Administrators, and formal requests from ORD’s Deputy Assistant 
Administrator (DAA) for science to receive comments from across the Agency twice during the year of 
StRAP development. 

In addition to the up-front work with EPA partners to understand their research needs for the upcoming 
year(s), ORD also needs to be flexible enough to address top priority, unanticipated needs or 
environmental crises that emerge at any given time. The research program will describe interactions with 
EPA partners, present examples of recent responsiveness to unexpected events, and explain how they 
work with EPA partners to accommodate acute needs while resources are limited. 

Specific to HS: Charge Question 4. How well has the Program transitioned research 
to the end-user? How can we improve our ability to transition research to the end- 
user in the future? 

Conducing high-quality research responsive to partner needs is not successful unless the resulting 
scientific products are transitioned successfully to the partners who will use them. However, this 
transition is not a trivial endeavor because it requires that products are formulated and delivered to 
maximize usefulness to the partners. Transition is successful when end-users use the products. 

Specific to HS: Charge Question 5: How can we infuse social science into the 
development of our research products to improve their usability? 

Over the last several years, the National Academies of Sciences (NAS), EPA Science Advisory Board, and 
BOSC have recommended that EPA research account for the social science aspects of decision making, 
including decisions made during disaster response. The NAS and the Office of Science and Technology 
Policy (OSTP) have highlighted key social factors in building community resilience to disasters. Given 
limited resources, HSRP seeks the advice from the Subcommittee on how best might targeted social 
science research help achieve the Program’s objectives. 

STRAP OBJECTIVES AND PRIORITY RESEARCH TOPICS 

The HSRP StRAP FY16-19 is aligned around two major research objectives as were described briefly above: 
(1) improve water utilities’6 abilities to prepare for and respond to incidents that threaten public health; 
and (2) advance EPA’s capabilities to respond to wide area contamination incidents. 

............................... 
6 The Subcommittee defined water to include source water, drinking water and wastewater. 

C-6

http://www.nap.edu/catalog/11186/decision-making-for-the-environment-social-and-behavioral-science-research
http://yosemite.epa.gov/sab/SABPRODUCT.NSF/F969D053295B5DA8852574EC006B69D2/%24File/EPA-SAB-09-002-unsigned.pdf
http://www.epa.gov/osp/bosc/pdf/hsec0812rpt.pdf
http://www.epa.gov/osp/bosc/pdf/hsec0812rpt.pdf
http://www.nap.edu/catalog/13457/disaster-resilience-a-national-imperative
http://www.sdr.gov/docs/SDRGrandChallengesforDisasterReduction.pdf
http://www.sdr.gov/docs/SDRGrandChallengesforDisasterReduction.pdf
http://www.sdr.gov/docs/SDRGrandChallengesforDisasterReduction.pdf


The Research Objectives described above serve as the overarching framework for more focused research 
topics that guide specific research and development activities. The research topics are: 

Characterizing Contamination and Assessing Exposure 

Develop sample collection and analysis methods that increase the capability and capacity of the Agency’s 
Environmental Response Laboratory Network (ERLN) [which includes the Water Laboratory Alliance 
(WLA)]7 to respond to both water-related and wide area contaminations. Provide the science needed to 
establish sampling strategies for indoor and outdoor areas that provide the maximum amount of 
information regarding the extent of contamination while minimizing the sampling and laboratory 
resources required. Develop methods to assess exposure pathways and utilize exposure modeling for 
chemical, biological, radiological, and nuclear (CBRN) contaminants to support risk assessment. 

Water System Security and Resilience 

Develop water systems models that enable utilities to design and operate their water systems so that they 
are more resilient to intentional attacks or natural disasters including understanding the implications of 
various operational and design decisions on the overall resilience of the system. Develop approaches for 
detecting and responding to a water system contamination event or other system disruptions. Develop 
methods to decontaminate drinking and waste water systems and treat contaminated water. 

Remediating Wide Areas 

Fill critical gaps in science and technology to inform selection and implementation of contamination 
mitigation and cleanup technologies, remediation monitoring approaches, treatment and disposal tactics 
for contaminated wastes, and strategies for confirmation of successful cleanup. 

PROCESS 

The agenda prepared by HSRP leadership was designed to provide the Subcommittee a high-level, big- 
picture overview of the Program’s structure, operation, and staffing expertise to initiate the 
Subcommittee’s familiarity with the Program. The Subcommittee’s view is that the agenda prepared was 
extremely helpful in establishing this baseline understanding to prepare the Subcommittee for future 
charges that will result in a deeper understanding of the Program. The three day agenda brought the 
Subcommittee together with the entire HSRP leadership team and staff who execute individual projects 
that comprise the Program. The leadership team presented the overview of the Program described in the 
StRAP 2016-2019. This was followed by an overview of partner engagements that lead to the prioritized 
research lifecycle. The HSRP leadership provided the following definitions for common terms: 

1. Partner – Our primary customers; the end-users of our work from whom we performed it; the
groups from which we solicit needs, invite to work with us on the research, and work closely with on
formulation and delivery of the outputs. Since HSRP’s mission is to improve the capability of EPA to
carry out its homeland security responsibilities, our Partners are the operational offices at EPA.
Since EPA’s Office of Water works very closely with utilities, we consider utilities as partners as well
and the EPA offices.

............................... 
7 A nationwide laboratory network with the capability and capacity to analyze for CBRN agents during routine 
monitoring and in response to terrorist attacks and other disasters. The WLA includes water utility laboratories. 
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Examples: Office of Emergency Management’s Office of Emergency Response and Office of Resource 
Conservation and Recovery (and divisions and branches below), Office of Water’s Office of 
Groundwater and Drinking Water (Water Security Division), Regions, and water utilities. 

2. Stakeholder – External entities that benefit from our research. Although these entities may use EPA
Homeland Security research products or outputs, they are not the primary end-users of the 
research. 
Examples: Department of Homeland Security, Department of Health and Human Services (includes 
Centers for Disease Control), Department of Defense, state laboratories, etc. 

3. Product - A deliverable produced by the research program designed to be scientific ingredients that
are synthesized into Outputs (see below). 
Examples: Journal articles, detailed reports, and conference proceedings. 

4. Output – A deliverable produced by the research program developed to be directly usable by our
Partners. 
Example: Decision support tools and software, sampling and analysis methods, and data syntheses. 

5. Partner need – A capability gap identified and prioritized with Homeland Security Research
partners. Needs are used to plan Outputs. 
Example: Self-help decontamination and risk reduction measures for anthrax. 

Appropriately cleared Subcommittee members then received a classified briefing on homeland security 
threats to better understand the prioritization of research needs with threats. Two poster sessions 
allowed Subcommittee members direct engagement with HSRP researchers to witness first-hand the 
project details that are aligned with the StRAP and prioritized research projects. A video presentation of 
a field exercise called, “Bio-Response Operational Testing and Evaluation,” (BOTE, used below) was shown 
to demonstrate the applied nature of the research program and the strong collaboration among partners 
and stakeholders. A “Tools Café” was a two hour session that allowed the Subcommittee to get further 
acquainted with HSRP staff while simultaneously participating in demonstrations of software tools 
developed and maintained by HSRP. Finally, the Subcommittee heard a panel discussion by members of 
the partner community, including the EPA Office of Solid Waste and Emergency Response’s Office of 
Emergency Management, Office of Water’s Water Security Division, Office of Solid Waste and Emergency 
Response’s Office of Resource Conservation and Recovery, Region 4 On-Scene Coordinator, Office of Solid 
Waste and Emergency Response’s Office of Emergency Management, and the Greater Cincinnati 
Waterworks. 

RECOMMENDATIONS 

Charge Question 1. Given the research objectives articulated in the StRAP, are the 
topics and project areas planned and organized appropriately to make good 
progress on these objectives in the 2016-2019 time frame? 

The HSRP StRAP clearly defines strategic goals and objectives over the next few years. However, as has 
been evident in recent times (the Ebola outbreak, cyber-attacks, the Elk River chemical spill, etc.), 
unforeseen hazards and disasters occur and must be responded to in a timely and efficient manner. It is 
difficult to plan for resource use during these emergencies, however without doing so, the ability to make 
progress on all objectives is threatened. 

Because of the severity of the threat of cyber-attacks, the research schedule should be modified to 
prioritize cyber security research ahead of other areas to counter the continuous and ever-increasingly 
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sophistication of cyber-attacks that plague utilities. As utilities interconnect formally disconnected 
systems to increase efficiencies, they create an ever expanding attack surface – often without 
understanding the impact and risks. As very few utilities have staff prepared to deal single-handedly with 
chemical or biological attack remediation, knowledge of cyber security is limited in the utility space; 
consequently research and guidance is needed from HSRP. 

StRAP Cyber security research and guidance should include focus on operational technologies such as: 

• SCADA / ICS (Industrial Control Systems),
• Smart Metering / Revenue Stream,
• CIS (Customer Information Systems, Online Bill and Data Presentment),
• GIS (Geographic Information System),
• Physical Security Systems (card access, camera & DVR), and
• Conventional IT Systems (GL/AP/AR/File Shares/Email).

This reordering of priorities does not diminish the importance of other chemical or biological research as 
those directly impact human safety. Adding cyber capabilities is an appropriate response to the reality 
that at any given point in time, thousands of utility firewalls are under direct attack from outsiders, 
systematically probing for any vulnerability – a logic controller at a well with easy-to-find default security 
credentials, the online bill payment site with  customer information  stored  in  clear text, a GIS  file 
inadvertently shared publically providing great details about critical infrastructure, a SCADA control 
system with remote access enabled for external support being commandeered, an entire neighborhood 
of ‘smart valves’ at a customers’ houses being hacked, to name a some very real use-cases. These could 
all be prevented with the right architectures, security models, and guidance. In consideration of these 
observations, HRSP should consider the following two recommendations to Charge Question 1. 

Charge Question 2. How effective are the approaches for involving the EPA partners 
in the problem formulation stage of research planning? 

To understand the intent of Charge Question 2 it is necessary to understand the meaning of the term 
“partner” as used by ORD and HSRP. The BOSC-HS Subcommittee was provided with the following 
definition for “partner”, “Our (ORD’s) primary customers; the end-users of our work from whom we 
performed it; the groups from which we solicit needs, invite to work with us on the research, and work 
closely with on formulation and delivery of the outputs.” Since HSRP’s mission is to improve the capability 
of EPA to carry out its homeland security responsibilities, our Partners are the operational offices at EPA. 
Since EPA’s Office of Water works very closely with utilities, we consider utilities as partners as well and 
the EPA offices.” Other examples of partners given were Office of Emergency Management’s Office of 
Emergency Response and Office of Resource Conservation and Recovery (and divisions and branches 
below), Office of Water’s Office of Groundwater and Drinking Water (Water Security Division), and 
Regions. 

Recommendations 

1. Cyber security needs to move to the beginning of the time line.
2. Develop a process and strategy that allows responses to, and prioritization of, unforeseen and

emerging needs while ensuring that good progress can be made on StRAP research objectives. For
example, consider incorporating into the project prioritization process a weighing of the costs
versus the benefits of implementing research products from the perspectives of end users.
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For comparison, “stakeholder” was also defined as “External entities that benefit from our research. 
Although these entities may use EPA Homeland Security research products or outputs, they are not the 
primary end-users of the research.” Given examples of stakeholders were Department of Homeland 
Security, Department of Health and Human Services (includes Centers for Disease Control), Department 
of Defense, state laboratories, etc. 

A meeting of the Subcommittee with HSRP held August 2015 included a Partner Panel Discussion, whose 
participants represented four intra-Agency organizations and one utility, the Greater Cincinnati Water 
Works. With enthusiasm, all of the participants gave examples of collaboration with the HSRP staff, citing 
several successful projects and engagements. Involvement in developing and planning projects was also 
described. 

One of the EPA’s homeland security responsibilities is supporting water systems to prepare for and 
recover from attacks and other disasters by leading efforts to provide states and water utilities with 
guidance, tools and strategies. One of two research objectives in the StRAP for 2016-2019 is to improve 
water utilities’ abilities to prepare for and respond to incidents that threaten public health; and all three 
of HSRP’s current research topics are relevant to water and other types of utilities. However, HSRP’s direct 
interaction with utilities is limited. The primary means of ascertaining the needs of utilities is through the 
Office of Water and its participation on committees in umbrella organizations such as the American Water 
Works Association and the Water Research Foundation. More direct involvement of a broader range of 
utilities in the formulation, planning, and review of projects could expand the knowledge base of HSRP 
and utilities alike, and lead to better, more widely used research products. Utilities, as well as first 
responders, will be much more likely to test and use tools they help develop. Increased interactions could 
also leverage EPA’s and utilities’ limited research budgets to get more value out of them. 

Intra-Agency partners may not have the breadth of expertise with respect to the full suite of chemicals, 
biologics and radionuclides that are included within “all hazards”. Risk would arise from not anticipating 
a potential threat and formulating an effective response. Similarly, sub-optimal selection or over-reaching 
technology limits of programmed methods when developing a decision support tool could cause the tool 
to fall short of need. Therefore, HSRP is encouraged to reach out to external experts and authoritative 
bodies in addition to their intra-Agency partners when formulating research plans. The primary 
recommendation associated with Charge Question 2 is listed below. 

Charge Question 3. How well does the Program respond to the needs of EPA 
partners? 

As noted in Charge Question 2, HSRP provided a definition of partners: “… the end-users of our work… 
operational offices at EPA … and utilities…” From an EPA operational office perspective, HSRP does a very 
good job responding to those needs as was obvious from feedback at the August Subcommittee meeting. 
For example, HSRP quickly responded to Ebola patient waste handling concerns. HRSP seems to have a 

Recommendations 

1. While HSRP is doing a good job consulting with internal EPA partners, the breadth and diversity of
partners, stakeholders and world class experts to be consulted regarding research needs should be
expanded. For example, include first responders, water and solid waste utilities, and professional
societies and research entities, such as the US National Academies and the Water Research
Foundation.
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large informal communication network among EPA operational offices although no formal 
communication plan appears to exist. 

It appears that HSRP has had limited interactions with utilities and therefore HSRP has an opportunity to 
develop and  strengthen utility partnerships.  Utilities need “dual-use” (both  routine operations and 
emergency response) and “all-hazard” products that address the full range of utility experiences and 
needs (flooding, earthquake, tornado, fire, dirty bomb, etc.). HSRP has produced some good dual-use 
products including the EPA-NET hydraulic model that can be used to analyze routine operations or identify 
a contaminant introduction point. Most products, however, seem to have been developed with an initial 
hazard in mind. For example, the I-Waste model was reportedly developed for a dirty bomb scenario and 
later expanded to help respond to Hurricane Katrina. HSRP has also done some good work on distribution 
system pipe decontamination yet, the actual testing was only with one type of pipe when utilities use 
many types. Utilities need a range of pipe materials tested to have confidence in using HRSP research to 
address real world emergencies. In a related vein, because utilities need products that have the best cost- 
benefits, products that have relatively low cost benefits should generally not be developed. 

An expanded list of partners would improve and institutionalize communications and provide critical input 
at key points of the research cycle (StRAP development, project development, and project delivery) or 
when unexpected events occur (i.e., Ebola). Improved communication will support HSRP research 
planning, priority setting, and keeping up with evolving partner needs, especially end users at water and 
solid waste utilities. 

Specific to HS: Charge Question 4. How well has the Program transitioned research 
to the end-user? How can we improve our ability to transition research to the end- 
user in the future? 

The BOSC-HS Subcommittee identified these strengths related to research transition to the end-users: 

1. Validation tiers for chemical sampling and chemical analytical processes,
2. Tracking of visits to tools websites to assess popularity and,
3. Collection of Selected Analytical Methods (SAM) appears to be widely used.

Some of the opportunities for improvement that are not captured in the recommendations that follow 
include: 

1. Adding cost-benefit analysis and uncertainty analysis to facilitate the end-users’ decision-making with
regard to the usefulness of the HSRP’s tools,

2. Making the research products applicable to as many CBR hazards as possible through, for example,
improvements in modular design,

3. Communicating up-front how security and software updates will be addressed,
4. HSRP has developed or is developing software tools for use by partners and stakeholders. A number

of them are aimed at water distribution system security: Water Security Toolkit (WST) modeling tool

Recommendations 

1. Develop, maintain, and institutionalize channels of communication needed to support HSRP
research planning, setting priorities, and keeping up with the evolving needs of partners, especially
end users at the water and solid waste utilities. For example, communications channels need to be
maintained when staff members retire or change positions.
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for identifying possible contaminant injection locations, hydrants for flushing, and locations for 
decontamination; EPANET-RTX fate and transport modeling tool; CANARY contamination detection 
tool; and TEVA-SPOT (Threat Ensemble Vulnerability Assessment - Sensor Placement Optimization 
Tool). Other tools support contaminated site remediation: RSMS (Ohio Riverine Spill Modeling System) 
for emergency river spill response and planning; Incident Waste Decision Support Tools (IWASTE) 
for all hazards incidents; DeconST (Decontamination Selection Tool) that integrates scenario-specific 
sampling, decontamination and waste management; and WEST (Waste Estimation Support Tool) for 
wide area radiological incidents. 

5. Some of the tools have been developed to a commercial or near-commercial grade for use by a large
number of users, for example, EPANET-RTX and CANARY. Other tools are expected to have a limited 
number of users and have been developed to a lesser grade, for example, RSMS and WEST. The tools 
use a variety of platforms, including C, Java™, MATLAB™, and Microsoft Excel™, and interoperability 
is limited. This can increase the costs of adding capabilities through extensions and/or integration to 
meet ‘all hazards” and new needs; increase long-term maintenance and support costs; and raise the 
tools’ collective complexity and training requirements. HSRP understands these are important issues 
and is considering transitioning responsibility for the tools to experts in software migration and 
version control after the intellectual capital has been established. 

The first recommendation relative to Charge Question 4 is that the HRSP should develop tools that have 
capabilities for routine operation and maintenance as well as ‘all hazards’ emergency response and 
multiple-use capabilities. For example, with regard to Water Quality Surveillance & Response Systems, 
develop a plan for supporting tools with future updates, and minimize the number of platforms during 
tool development to improve interoperability, broaden functionality, and reduce the amount of training 
required by users. 

A second recommendation relative to Charge Question 4 is connected to Recommendation 2.1. “One of 
the EPA’s homeland security responsibilities is supporting water systems to prepare for and recover from 
attacks and other disasters by leading efforts to provide states and water utilities with guidance, tools and 
strategies. One of two research objectives in the StRAP for 2016-2019 is to improve water utilities’ abilities 
to prepare for and respond to incidents that threaten public health; all three of HSRP’s current research 
topics are relevant to water and other types of utilities. However, HSRP’s direct interaction with utilities 
is limited. The primary means of ascertaining the needs of utilities is through the Office of Water and its 
participation on committees in umbrella organizations such as the American Water Works Association 
and the Water Research Foundation. More direct involvement of a broader range of utilities in the 
formulation, planning, and review of projects could expand the knowledge base of HSRP and utilities alike, 
and lead to better, more widely used research products. Increased interactions would leverage EPA’s and 
utilities’ limited research budgets to get more value out of them.” 

Therefore, the second recommendation to Charge Question 4 is for HSRP to broaden outreach, 
engagement, and the participation in projects to a wider spectrum of utilities. For example, develop 
more systematic and coordinated approaches to get input and feedback from water utilities, use plain 
language, and consider knowledgebase of end users. 

Technologists who develop new technology for use by others understand that their products carry 
inherent uncertainty and risk when put to use; however, without guidance, end-users might take 
information that has significant uncertainty at face value, and act without considering alternatives. 

HSRP stated there can be a large amount of uncertainty about analyzing most of the agents they work on. 
For example, B. anthracis has been the topic of research for a long time, yet the detection limit remains 
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unclear. HSRP currently does not always have a good answer for how to calculate or estimate uncertainty, 
but recognizes their responsibility to identify uncertainties and variability in samples and populations, be 
transparent about what is known and unknown, and provide a best estimate. In some cases, an estimate 
will be qualitative because an uncertainty analysis is not possible. 

The software tools developed by HSRP in Microsoft Excel™ can be coupled with an add-in like the Crystal 
Ball™ risk analysis tool to perform Monte Carlo simulations with uncertainty parameters. The stated 
accuracy of the waste management tools is an order of magnitude estimate for planning purposes. With 
regard to remediation of wide area incidents, a big source of uncertainty is that there is almost no data 
with which to ground truth models, the Fukushima incident being an exception. If one of these tools is 
used for a real incident, the information provided by the tool would eventually be supplanted by actual 
data to inform decisions. 

The physics-based modeling tools for water flow and water quality in distribution systems have a lot of 
uncertainty, as does the tool for contaminant detection in distribution systems. HSRP is trying to 
understand the sources of uncertainty using Monte Carlo analysis and to quantify those uncertainties 
when these tools are applied, the goal being to provide end-users with some information about the 
uncertainty. 

The Subcommittee agrees that end-users need to know if a technology is ready for serious use and what 
an appropriate level of confidence should be. An approach that uses validation levels might be the most 
understandable to a broad range of end-users, for example, the Technology Readiness Levels used by 
Department of Defense and NASA. 

The third recommendation to Charge Question 4 is therefore for HSRP to develop validation and/or 
readiness measures that will develop confidence among end-users in HSRP’s analytical tools, 
decontamination response methods, and software tools. Example measures are the Technology 
Readiness Levels used by the Department of Defense and NASA. Consider adding a measure of 
uncertainty to better inform the end users’ selection of the clean-up options being developed by the 
Remediation Wide Areas topic. 

The EPA’s homeland security responsibilities include cleaning up building and outdoor areas impacted by 
a terrorist attack or other disaster by leading efforts to establish clearance goals and clean up. Large 
numbers of assays are an essential need, and to facilitate obtaining them, the EPA is also charged with 
developing a nationwide laboratory network with the capability and capacity to analyze for chemical, 
biological and radiological (CBR) agents for routine monitoring and in response to a terrorist attacks — 
the Environmental Response Laboratory Network. One of two research objectives in the StRAP for 2016- 
2019 is to advance the EPA’s capabilities to respond to wide area contamination incidents, and one of 
three of HSRP’s current research topics, Characterizing Contamination and Assessing Exposure, has a time- 
critical aspect during the early phase of an of an incident (first 72 hours) that involves mostly local 
responders, and a cost-versus-benefits aspect at all times. The restoration of service is also time critical 
for a contaminated water system. Another research topic, Remediating Wide Areas, is perhaps less time 
critical, but includes Characterizing Contamination and Assessing Exposure and many other problems to 
be addressed. Remediating Wide Areas can ultimately involve collecting data from a spatially distributed 
sensor network that generates massive volumes of data. 

An important question to consider during sampling is “how do you know if you are really collecting the 
representative sample?”, and a series of sampling events may be needed to see if the contamination is 
spreading and/or persisting. Additionally, ongoing efficacious decision making by responders, agencies, 
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and stakeholders requires that data of sufficient quality be generated, converted into usable information, 
and distributed quickly to maintain relevancy. This collection of issues can be investigated by assessing 
state-of-the-art in methods for on-site screening and analysis, and automated data QA, reduction, and 
display. Based on this, the HSRP should consider a fourth and final recommendation in relation to Charge 
Question 4 to develop a strategy for incorporating real-time analyses, for example, transitioning from a 
laboratory-based approach to a graphical online-based approach that can identify and quantify CBRN 
threats using emerging technologies such as mobile, GIS-coupled, real-time chemical sensors/monitors. 

Specific to HS: Charge Question 5. How can we infuse social science into the 
development of our research products to improve their usability? 

Over the course of the workshop, the Subcommittee discerned among HSRP personnel and partners in 
attendance a strong appetite for infusing more social science into product development.  To date, 
however, certain factors have inhibited the broad integration of social, behavioral, and decision sciences 
within HSRP: the Agency as a whole is mostly populated with physical scientists doing environmental work. 
As a result, social science has had limited influence on ORD’s everyday work, and little understanding 
exists about the diverse “branches” within social science. Scarce organizational resources have also made 
it difficult to stretch beyond “core” familiar physical science. Indeed, the limited work done by HSRP in 
risk communication was recently curtailed for financial reasons. 

Despite HSRP’s organizational culture and financial limitations, many signs suggest that fertile ground 
exists for greater inclusion of social science. HSRP staff are self-aware that more can and should be done 
in this arena. A cultural anthropologist who currently serves as a supporting researcher can, along with 
others, champion needed change. HSRP partners such as the On-Scene Coordinators, given their 
operational perspective, appreciate the complex social and political dimensions to contamination incident 
response, and have an intuitive sense that more could be understood about the role of social media. Risk 

Recommendations 

1. Develop tools that can be routinely operated and maintained, and have ‘multi-use’ or ‘all hazards
emergency response’ capabilities where appropriate. For example, with regard to Water Quality
Surveillance & Response Systems, develop a plan for supporting deployed tools with future
updates, and minimize the number of development platforms to improve interoperability and
functionality. Currently, important programs are written in different languages, for example, Decon
is in Microsoft Excel™ and TEVA-SPOT is in Java™.

2. Broaden outreach, engagement, and the participation in projects to a wider spectrum of utilities.
For example, develop more systematic and coordinated approaches to obtaining input and
feedback from water utilities, use plain language in communications, and consider the
knowledgebase of end users.

3. Develop validation and/or readiness measures to establish awareness and manage expectations
among end users of the expected performance of the analytical tools, decontamination response
methods, and software tools produced by HSRP. For example, consider the Technology Readiness
Levels used by DOD and NASA, and adding measures of uncertainty to better inform end users
about the clean-up options being developed for the Remediation Wide Areas topic.

4. HSRP should develop a strategy for incorporating real-time analyses into their project portfolio, for
example, transitioning from a laboratory-based approach to a graphical online approach that can
identify and quantify CBRN threats, and apply emerging technologies to develop mobile, GIS- 
coupled, real-time chemical sensors/monitors.
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communication aspects (e.g., contamination and clean-up of water reservoirs) have been pursued by 
HSRP in the past. The Agency, more broadly, understands the importance of addressing community values 
when accomplishing its environmental mission and HSRP can tap experienced personnel such as 
Community Involvement Coordinators. 

The Subcommittee recommends some initial steps to deepen the social science footprint within HSRP. 
First, HSRP should, in collaboration with its partners, convene periodic professional development events 
to refine the largely inchoate understanding of how social science can help improve water utility 
preparedness and response and enhance EPA response capabilities for wide-area contamination 
incidents. A workshop on social science applications in homeland security, for example, could spark 
deeper understanding and new ideas within HSRP. Second, HSRP should build capitalize on existing 
projects such as the Bio-Response Operational Testing and Evaluation (BOTE) to gain short-term returns 
from the application of social science. A natural BOTE follow-on project might be message testing, held in 
multiple communities, around different decontamination approaches. Third, HSRP should at the outset of 
project planning involve an expanded pool of partners in considering the potential application and added 
value of social science. The following two specific recommendations emerged for HSRP leadership’s 
consideration. 

SUMMARY LIST OF RECOMMENDATIONS 

Charge Question 1. Given the research objectives articulated in the StRAP, are the 
topics and project areas planned and organized appropriately to make good 
progress on these objectives in the 2016-2019 time frame? 

• Recommendation 1.1: Cyber security needs to move to the beginning of the time line.
• Recommendation 1.2: Develop a process and strategy that allows responses to, and prioritization

of, unforeseen and emerging needs while ensuring that good progress can be made on StRAP
research objectives. For example, consider incorporating into the project prioritization process a
weighing of the costs versus the benefits of implementing research products from the perspectives
of end users.

Charge Question 2. How effective are the approaches for involving the EPA partners 
in the problem formulation stage of research planning? 

• Recommendation 2.1: While HSRP is doing a good job consulting with internal EPA partners, the
breadth and diversity of partners, stakeholders and world class experts to be consulted regarding

Recommendations 

1. Develop a process that involves partners for considering the employment of social science in
projects during problem formulation as well as throughout the research process.

2. Develop social science training activities, such as workshops and expert lectures, to orient the staff
to potential applications of psychological, sociological, and anthropological elements, and to make
social science an integral part of current and future projects. HSRP should capitalize on existing
assets, for example, the Community Involvement Coordinators and other partner organizations,
and existing initiatives, such as the Bio-Response Operational Testing and Evaluation.
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research needs should be expanded. For example, include first responders, water and solid waste 
utilities, and professional societies and research entities, such as the US National Academies and the 
Water Research Foundation. 

Charge Question 3. How well does the Program respond to the needs of EPA 
partners? 

• Recommendation 3.1: Develop, maintain, and institutionalize channels of communication needed to
support HSRP research planning, setting priorities, and keeping up with the evolving needs of
partners, especially end users at the water and solid waste utilities. For example, communications
channels need to be maintained when staff members retire or change positions.

Specific to HS: Charge Question 4. How well has the Program transitioned research 
to the end-user? How can we improve our ability to transition research to the end- 
user in the future? 

• Recommendation 4.1: Develop tools that can be routinely operated and maintained, and have
‘multi-use’ or ‘all hazards emergency response’ capabilities where appropriate. For example, with
regard to Water Quality Surveillance & Response Systems, develop a plan for supporting deployed
tools with future updates, and minimize the number of development platforms to improve
interoperability and functionality. Currently, important programs are written in different languages,
for example, Decon is in Microsoft Excel™ and TEVA-SPOT is in Java™.

• Recommendation 4.2: Broaden outreach, engagement, and the participation in projects to a wider
spectrum of utilities. For example, develop more systematic and coordinated approaches to
obtaining input and feedback from water utilities, use plain language in communications, and
consider the knowledgebase of end users.

• Recommendation 4.3: Develop validation and/or readiness measures to establish awareness and
manage expectations among end users of the expected performance of the analytical tools,
decontamination response methods, and software tools produced by HSRP. For example, consider
the Technology Readiness Levels used by DOD and NASA, and adding measures of uncertainty to
better inform end users about the clean-up options being developed for the Remediation Wide
Areas topic.

• Recommendation 4.4: HSRP should develop a strategy for incorporating real-time analyses into
their project portfolio, for example, transitioning from a laboratory-based approach to a graphical
online approach that can identify and quantify CBRN threats, and apply emerging technologies to
develop mobile, GIS-coupled, real-time chemical sensors/monitors.

Specific to HS: Charge Question 5. How can we infuse social science into the 
development of our research products to improve their usability? 

• Recommendation 5.1: Develop a process that involves partners for considering the employment of
social science in projects during problem formulation as well as throughout the research process.

• Recommendation 5.2: Develop social science training activities, such as workshops and expert
lectures, to orient the staff to potential applications of psychological, sociological, and
anthropological elements, and to make social science an integral part of current and future projects.
HSRP should capitalize on existing assets, for example, the Community Involvement Coordinators
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and other partner organizations, and existing initiatives, such as the Bio-Response Operational 
Testing and Evaluation. 

SUMMARY OF RECOMMENDATIONS AND CONCLUSIONS 

The Subcommittee found that the HSRP StRAP clearly defines strategic goals and objectives over the next 
few years. The topics and project areas are well planned and organized. However, the Homeland Security 
Research Program often is called to respond in a timely and efficient manner to unforeseen hazards and 
disasters, such as the Ebola outbreak, cyberattacks on water utilities, and the Elk River chemical spill. It is 
difficult to plan for resource use during these emergencies, however without doing so, the ability to make 
progress on all objectives is threatened. The Subcommittee recommends that the Program develop a 
process and strategy that allows responses to, and prioritization of, unforeseen and emerging needs while 
ensuring that good progress can be made on StRAP research objectives. 

In addition, because of the severity of the threat of cyber-attacks, the Subcommittee recommends that 
the Program’s research schedule should be modified to prioritize cyber security research ahead of other 
areas to counter the continuous and ever-increasingly sophistication of cyber-attacks that plague utilities. 
As utilities interconnect formally disconnected systems to increase efficiencies, they create an ever 
expanding attack surface – often without understanding the impact and risks. As very few utilities have 
staff prepared to deal single-handedly with chemical or biological attack remediation, knowledge of cyber 
security is limited in the utility space; consequently research and guidance is needed from HSRP. 

The Program has done a good job transitioning research to the end user, particularly through the 
development of validation tiers for chemical sampling and chemical analytical processes, tracking visits to 
tools websites to assess popularity, and the collection of Selected Analytical Methods appears to be widely 
used. The Subcommittee recommends that the Program develop tools for end users that can be routinely 
operated and maintained, and have ‘multi-use’ or ‘all hazards emergency response’ capabilities where 
appropriate. For example, with regard to Water Quality Surveillance & Response Systems, develop a plan 
for supporting deployed tools with future updates, and minimize the number of development platforms 
to improve interoperability and functionality. In addition, the Subcommittee recommends that HSRP 
develop validation and/or readiness measures to establish awareness and manage expectations among 
end users of the expected performance of the analytical tools, decontamination response methods, and 
software tools produced by HSRP. 

In conclusion, the Subcommittee recognizes that the activities of the HSRP are well aligned with the 
mission of the Program and that HSRP staff members have shown considerable progress toward the 
objectives of conducting research and delivering products that improve the capability of EPA to carry out 
its homeland security responsibilities. 

C-17



C-18



REVIEW OF
U.S. EPA OFFICE OF RESEARCH AND DEVELOPMENT’S

RESEARCH PROGRAMS

Appendix D: BOSC Sustainable and Healthy Communities (SHC) Subcommittee 
Robert B. Richardson, Ph.D. (Chair) 

Michigan State University 
Richard Feiock, Ph.D. 
Florida State University 

Matthew Naud 
City of Ann Arbor 

Courtney G. Flint, Ph.D. (Vice Chair) 
Utah State University 

Elena G. Irwin, Ph.D. 
Ohio State University 

I. Leslie Rubin, MD 
Developmental Pediatric Specialists 

Todd BenDor, Ph.D. 
University of North Carolina at Chapel Hill 

Carlos Martin, Ph.D. 
The Urban Institute 

Mike Steinhoff 
ICLEI 

Robert Cervero, Ph.D. 
University of California, Berkeley 

Peter B. Meyer, Ph.D. 
The E.P. Systems Group, Inc. 

John Tharakan, Ph.D. 
Howard University 

Andrew Dannenberg, MD, MPH 
University of Washington 

Earthea Nance, Ph.D., PE, CFM 
Texas Southern University 

Bill Tomlinson, Ph.D. 
University of California, Irvine 

EPA Contact 
Jace Cujé, Designated Federal Officer 

November 17, 2015 

A Federal Advisory Committee for the U.S. Environmental Protection Agency’s Office of Research and Development 

D-1



Disclaimer Text. This report was written by the Human Health Research 
Subcommittee of the Board of Scientific Counselors, a public advisory committee 
chartered under the Federal Advisory Committee Act (FACA) that provides 
external advice, information, and recommendations to the Office of Research and 
Development (ORD). This report has not been reviewed for approval by the 
U.S. Environmental Protection Agency (EPA), and therefore, the report’s contents 
and recommendations do not necessarily represent the views and policies of EPA, 
or other agencies of the federal government. Further, the content of this report 
does not represent information approved or disseminated by EPA, and, 
consequently, it is not subject to EPA’s Data Quality Guidelines. Mention of trade 
names or commercial products does not constitute a recommendation for use. 
Reports of the  Board of Scientific Counselors are posted on the  Internet at 
http://www.epa.gov/osp/bosc. 
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LIST OF ACRONYMS 

BOSC Board of Scientific Counselors 
CDC Centers for Disease Control and Prevention 
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DAA Deputy Assistant Administrator 
DASEES Decision Analysis for a Sustainable Environment, Economy, and Society 
EC Executive Committee 
EPA Environmental Protection Agency 
EQI Environmental Quality Index 
FACA Federal Advisory Committee Act 
FEGS Final Ecosystem Goods and Services 
FY Fiscal Year 
GPRA Government Performance and Results Act 
HWBI Human Wellbeing Index 
NCEE National Center for Environmental Economics 
NIEHS National Institute of Environmental Health Sciences 
OECD Organisation for Economic Co-operation and Development 
ORD Office of Research and Development 
OSWER Office of Solid Waste and Emergency Response 
RARE Regional Applied Research Effort 
RESES Regional Sustainability and Environmental Research Program 
ROE Report on the Environment 
SAB Science Advisory Board 
SHC Sustainable and Healthy Communities 
SHCRP Sustainable and Healthy Communities Research Program 
StRAP Strategic Research Action Plan 
TSC Technical Support Center 
Tribal-FERST Tribal-Focused Environmental Risk and Sustainability Tool 
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BACKGROUND 

The Board of Scientific Counselors (BOSC) is a Federal advisory committee that provides advice and 
recommendations to EPA's Office of Research and Development (ORD) on technical and management 
issues related to its research programs. The Science Advisory Board (SAB) advises the Environmental 
Protection Agency (EPA) Administrator on strategic research directions and reviews the quality and 
relevance of the scientific and technical information being used by the EPA. To arrive at their 
recommendations, the SAB and BOSC EC reviewed preliminary drafts of ORD’s Strategic Research Action 
Plans (StRAPs), and received briefings and additional background materials from ORD’s Deputy Assistant 
Administrator for Science and its National Program Directors for the six research programs. The SAB and 
BOSC EC then held a two-day meeting in July 2014 with ORD officials to discuss the materials and develop 
recommendations, culminating in a report to the EPA Administrator in January 2015 on research 
directions for 2016-2019. The research programs then revised their StRAPs based upon the report. 

EPA’s BOSC Executive Committee (EC) was rechartered in 2014 to provide advice and recommendations 
on all aspects (technical and management) of ORD’s research program. The role of the BOSC is to advise 
the ORD Assistant Administrator at an operational level. Five subcommittees have been established to 
provide targeted advice to ORD’s research programs on accomplishing the objectives and producing high- 
quality research outputs, as articulated in the six StRAPs. The general charge questions below were 
designed to address the research processes that ORD administers. However, as subcommittee reviews of 
these research programs are just commencing, it is important to acknowledge that there are many equally 
important issues that will need to be addressed through additional BOSC subcommittee efforts over the 
coming years. 

The BOSC Sustainable and Healthy Communities (SHC) Subcommittee was established to provide 
program-specific advice to EPA’s Sustainable and Healthy Communities Research Program (SHCRP). The 
mission of the SCHRP is to conduct research and deliver products that improve the capability of EPA to 
carry out its responsibilities, including cleaning up communities, making a visible difference in 
communities, and working toward a sustainable future. SHCRP conducts applied, relevant research and 
aims to provide the knowledge, data, and tools needed to meet today’s needs without compromising the 
ability of future generations to meet their needs in ways that are economically viable, beneficial to human 
health and wellbeing, and socially just, while supporting local communities seeking to become more 
sustainable. SHCRP plans to engage the Subcommittee over the next several years to provide advice on 
the Program’s portfolio and to assess progress in addressing EPA’s needs. 
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CHARGE QUESTIONS AND CONTEXT 

This Subcommittee was tasked with addressing a set of charge questions common to all of the BOSC 
subcommittee efforts this year and are related to program design and problem formulation (Questions 1, 
2 and 3). The general charge questions below are designed to address some of the front-end research 
processes ORD undertakes, fully understanding that there are many equally important issues that will 
have to be addressed through additional BOSC subcommittee efforts over the coming years. 

The Subcommittee was also charged with several questions developed by the SHCRP (Questions 4, 5, and 
6). These questions are designed to provide useful, high-level recommendations on aspects of the SHCRP’s 
design and operation, allowing the newly formed Subcommittee to establish familiarity with the entire 
program, while at the same time, preparing the Subcommittee for future charges that will require a 
deeper understanding of the SHCRP. 

Charge Question 1. Given the research objectives articulated in the StRAP, are the 
topics and project areas planned and organized appropriately to make good 
progress on these objectives in the 2016-2019 time frame? 

The StRAPs are designed to clearly convey the vision and objectives of the research program, and to 
describe, at a high level, the research topics, and major outputs planned for 2016-2019. Upon receiving 
recommendations from the SAB and the BOSC EC, as well as from EPA partners and others, ORD has 
further developed the StRAPs, including refining the objectives and topics, and providing more clarity. At 
an operational level, each research program is aiming to accomplish its objectives through research 
spanning physical, biological and social sciences and through numerous ORD laboratories, centers, and 
STAR grantees all across the country. In addition, ORD has heeded the advice of the SAB and BOSC in past 
years to do more to integrate research across the six programs, across EPA and with other Federal 
partners. Given these complexities, we recognize there are likely several reasonable approaches for 
organizing the research to best accomplish the objectives. 

Charge Question 2. How effective are the approaches for involving the EPA partners 
in the problem formulation stage of research planning? 

ORD works with EPA partners to design the research programs to meet Agency priorities. The first step in 
this process is problem formulation which provides the foundation of the research. Although it can be 
tempting to jump to a list of research priorities, problems that are well defined lead to the most effective 
research efforts and solutions. The problem formulation stage of research planning lays the groundwork 
for the StRAPs and is the reference point for any changes in priorities as budgets change and new issues 
emerge. Problem formulation occurs at many different levels including the articulation of issues in the 
EPA Strategic plan; meetings with EPA partners including regular staff-to-staff meetings; workshops and 
conferences where states, regions, policy and science staff describe the problems they face; and 
discussions among senior managers at EPA. In addition, each National Program Director reaches out to 
EPA partners in a variety of targeted ways to agree on problem definition. 
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Charge Question 3. How well does the Program respond to the needs of EPA 
partners (program office and regional)? 

ORD places a very high value on working closely with EPA partners to design the research programs to 
meet Agency priorities. During the preparation of the StRAPs, the programs were guided by the EPA 
Strategic Plan and undertook a variety of activities to actively engage partners, both to understand their 
priorities and to elicit their input on research directions. These include many regular meetings with EPA 
policy and regional staff, communities of practice for specific scientific disciplines throughout the Agency, 
annual two day meetings led by the NPDs, annual senior level meetings with EPA Assistant and Regional 
Administrators, and formal requests from ORD’s Deputy Assistant Administrator (DAA) for science to 
receive comments from across the Agency twice during the year of StRAP development. 

In addition to the up-front work with EPA partners to understand their research needs for the upcoming 
year(s), ORD also needs to be flexible enough to address top priority, unanticipated needs or 
environmental crises that emerge at any given time. The research program will describe interactions with 
EPA partners, present examples of recent responsiveness to unexpected events, and explain how they 
work with EPA partners to accommodate acute needs while resources are limited. 

Specific to SHC: Charge Question 4. SHC has committed to integrating ecological and 
human health to better address issues of human and community wellbeing. Does 
the research program contain the elements necessary to integrate these two critical 
elements of EPA’s mission? 

SHC’s StRAP defines sustainability as the long-term wellbeing that emerges from a resilient economy 
existing within a healthy society dependent on an intact, functional environment. At the community and 
regional scales, high environmental quality and access to ecosystem service benefits are hypothesized to 
have critical impacts on the promotion of health and wellbeing. Conversely, a degraded natural (and 
social) environment has adverse effects on health and wellbeing. Therefore, SHC strives to integrate 
ecological and human health in our research to better address issues of human and community wellbeing. 

Specific to SHC: Charge Question 5. SHC’s portfolio includes both hypothesis-driven 
research and the development of decision-support tools to aid Agency, state, and 
community stakeholders. Is the balance of research and tool development 
appropriate for this program? 

SHC is committed to developing actionable science and technology to enable community stakeholders 
inside and outside of the Agency to make decisions that support long-term wellbeing. It also provides 
science and tools for cleaning up contaminated sites, dealing with oil spills and leaking underground 
storage tanks, and managing materials. This requires building tools that provide easier access to scientific 
information and easier application of that science to decision making. At the same time, SHC is responsible 
for producing high quality science that makes the causal links or engineering applications needed to 
populate those tools. 
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Specific to SHC: Charge Question 6. SHC has a mission to address the short-term 
needs of EPA’s Office of Solid Waste and Emergency Response (OSWER) for research 
on contaminated sites, oil and fuel spills, and sustainable materials management. 
How can SHC best leverage these short-term research goals with longer-term 
community sustainability and environmental justice goals? 

SHC provides EPA’s Office of Solid Waste and Emergency Response (OSWER) with research and technical 
support to address long-term, pressing issues that require immediate resolution. For instance, SHC 
provides support on remediating or monitoring individual contaminated sites. SHC scientists also provide 
research or technical support for individual decisions such as those on coal combustion residues or 
leachates from re-used materials. These are near term needs but not short-term issues. SHC also works 
with OSWER and communities with Superfund or Brownfield sites who face decisions on managing 
materials. In addition to supporting OSWER’s needs, SHC considers longer-term questions about 
restoration of the natural and built environment as well as community revitalization that underlies 
community wellbeing and environmental equity. 

STRAP OBJECTIVES AND PRIORITY RESEARCH TOPICS 

The SHC Strategic Research Action Plan (StRAP) outlines the ORD’s role in achieving EPA’s objectives for 
cleaning up communities, making a visible difference in communities, and working toward a sustainable 
future. It was developed with considerable input and support from partners within EPA program and 
regional offices, as well as from outside stakeholders such as community leaders, other Federal agencies, 
nonprofit organizations, and colleagues across the scientific community. It includes research and 
development to generate and provide access to environmental science on health, wellbeing, and the 
environment, and to place that science in the context of the critical decisions facing communities. This 
plan also contains research and development focused on some of our nation’s most pressing issues – 
contaminated sites, oil spills, and waste management. 

The Sustainable and Healthy Communities research program is designed to develop research and tools 
that offer solutions to community-based decision makers, inside and outside EPA. SHC is committed to 
providing high quality information in user-friendly formats to help optimize community decisions across 
the three dimensions of sustainability—economics, society, and environment. The four program 
objectives are: 

1. Develop the data, models, and tools to expand community stakeholders’ capabilities to consider the
social, economic, and environmental impacts of decision alternatives on community wellbeing, and
support the next generation of environmental scientists.

2. Develop the causal relationships between human wellbeing and environmental conditions and the
tools and metrics that allow assessment and tracking of progress.

3. Provide research and technical support for cleaning up communities, ground water, and oil spills;
restoring habitats and revitalizing communities; and advancing sustainable waste and materials
management.

4. Develop a Sustainability Assessment and Management Toolbox to help the Agency and others build
sustainability into day-to-day operations.
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These objectives flow from EPA’s Strategic Plan, consultation with EPA program and regional partners, 
and ORD scientists’ understanding of pressing science needs. 

Each of the objectives identified above corresponds with one of SHC’s research topics that guide specific 
research and development activities for addressing the objective-specific “Science Challenges” as set forth 
in the SHC StRAP. The research topics are: 

Topic 1: Decision Support and Innovation 

Under this topic, SHC will develop the data, models, and tools to expand community stakeholders’ 
capabilities to consider the social, economic, and environmental impacts of decision alternatives on 
community wellbeing. For example, tools will incorporate decision science techniques, spatial analysis, 
and sustainability assessment to  help users frame  decisions, increase  community-engagement, 
understand implications of decisions, and identify potential solutions that promote a more sustainable 
future. 

Topic 2: Community Wellbeing: Public Health and Ecosystem Goods and Services 

Topic 2 strives to develop the causal relationship between human wellbeing and environmental conditions 
as well as the tools and metrics that allow assessment and tracking of progress. For example, SHC research 
will provide the science that informs the quantification, valuation, and classification of ecosystem services, 
improve the understanding of chemical and non-chemical determinants of public health and wellbeing, 
and allow assessment and tracking of changes over time. SHC will explore the dynamics of integrated 
human-ecological systems and identify implications of changes in both the built and natural environment 
on human wellbeing, paying special attention to vulnerable groups and lifestages. 

Topic 3: Sustainable Approaches for Contaminated Sites and Materials Management 

This topic provides research and technical support for cleaning up communities, ground water, and oil 
spills, restoring habitats and revitalizing communities, and advancing sustainable waste and materials 
management. Specifically, this work will help partners and stakeholders improve the efficiency and 
effectiveness of addressing contaminated sediments, land, and ground water and resultant vapor 
intrusion. SHC research will also provide and evaluate standards, products, data, and approaches to 
prevent, characterize, and cleanup environmental releases of petroleum and other fuel products. SHC 
methods, models, tools, and data will enhance sustainable materials management. 

Topic 4: Integrated Solutions for Sustainable Communities 

The goal of Topic 4 is to help the Agency build sustainability into its day-to-day operations. SHC will provide 
community stakeholders with a suite of simple to complex tools that used together provide a systems 
approach to help them optimize actions that are based on a full accounting of the costs, benefits, 
tradeoffs, and synergies among social (including public health), economic, and environmental outcomes 
of alternative decisions. Specifically, SHC aims to develop a Sustainability Assessment and Management 
Toolbox for use by community stakeholders. 
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PROCESS 

Review of Materials 

The SHC provided a suite of materials for the BOSC SHC Subcommittee in September 2015. These 
materials included the following: 

• SAB/BOSC General Findings and Overarching Recommendations from 2014 and EPA Responses
• Slides on SHC’s Vision & Priorities
• SHC Strategic Research Action Plan FY 2016-2019
• Recent Accomplishments in SHC Research
• Project Descriptions, Outputs, and Posters
• Index of Completed Journal Articles
• Additional Supplemental Materials

Subcommittee members reviewed these documents prior to the face-to-face meeting. 

Subcommittee Meeting 

The Subcommittee held a meeting to prepare the review of the SHCRP at the EPA Research Triangle Park 
campus in North Carolina on September 24-25, 2015. The agenda is attached as an appendix to this report. 
Essentially, the first day focused on presentations from the SHCRP to the Subcommittee, including poster 
sessions and a presentation of online tools. The second day focused on Subcommittee deliberations 
toward responses to the charge questions. The Subcommittee worked in full group and breakout groups 
to discuss and address the charge questions and associated recommendations. Interaction between SHC 
staff and the Subcommittee throughout the meeting allowed for clarifications and are captured in the 
minutes from the meeting. 

Post-Meeting Response to Charge Questions 

Members continued to collaborate in breakout groups to finalize the responses to the charge questions 
in the weeks after the face-to-face meeting. These responses were incorporated into this report in 
October 2015, in advance of the Subcommittee’s teleconference on November 4 wherein full 
Subcommittee perspectives were incorporated into the report. 
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RECOMMENDATIONS 

Responses to charge questions are organized by (i) general observations, (ii) particular strengths, (iii) 
opportunities for improvement, (iv) challenges, and (v) recommendations. 

Charge Question 1. Given the research objectives articulated in the StRAP, are the 
topics and project areas planned and organized appropriately to make good 
progress on these objectives in the 2016-2019 time frame? 

General Observations 

The StRAPs are designed to clearly convey the vision and objectives of the research program, and to 
describe, at a high level, the research topics, and major outputs planned for 2016-2019. The 
Subcommittee generally found the vision and objectives to be clearly conveyed and the topics and project 
areas to be planned and organized appropriately. Nevertheless, greater specificity, such as via second 
order objectives, was seen as desirable to include in the next StRAP as well as a more systematic process 
to document progress. 

Particular Strengths 

The Subcommittee wishes to recognize and applaud the strong and consistent focus on sustainability and 
systems orientation of the programs within the SHCRP. Sustainability is critical to our collective future, 
and EPA is the appropriate organization to tackle this thorny problem. A focus on sustainability by EPA 
can help shift the national conversation to this important topic to allow for focus on emerging challenges 
and global and national scale issues and drivers such as climate change, immigration, shrinking cities, 
economic change, geopolitics, changing demographics, increasing income inequality and persistent 
poverty. The SHCRP, along with sustainability science in general, articulates sustainability as an 
inextricably intertwined, nested, and interactive pursuit. 

Based on EPA’s overarching strategic priorities of making visible differences in communities, cleaning up 
communities and advancing sustainable development, and working toward a sustainable future, the 
SHCRP clearly plays a leading and umbrella role for the entire EPA ORD program in addition to their own 
program development objectives and products. It is the Subcommittee’s general observation that SHC’s 
integrating and leading role should be recognized and further prioritized within EPA ORD. The SHC 
program has succeeded in developing knowledge, solutions, and strategies—characterized as tools in a 
toolbox—that are available, accessible and ready to address the changing challenges and needs of today 
and tomorrow in demographic, technological, and ecosystem dynamics including climate change, values, 
and changing social priorities as well as other emerging issues. 

The Subcommittee also noted considerable progress in drawing on other ORD programs in the design of 
projects and tools, and improvements in interoperability as indicated by the potential of the 
Interoperability Workshop held October 19–22, 2015 at the EPA’s Research Triangle Park campus. 

Opportunities for Improvement 

SHC is still a relatively new program at EPA, and it is perhaps unsurprising that the new structure only 
partially integrates various older programs with an array of newer efforts. However, this very newness 
also presents an opportunity to bring together an overarching framework that can help support 
integration across various aspects of sustainability. 
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Challenges 

The Subcommittee recognizes the SHC confronts considerable challenges posed by the breadth  of 
sustainability, constraints from limitations of budget and the scope of responsibilities of other agencies. 
There are numerous potential elements that could stand in the way of sustainability efforts: organizational 
structures, disparate locations, parochialism, funding models, and leadership challenges. We encourage 
EPA and SHC to be vigilant about problems that could occur in each of these areas. Within these 
constraints, the Subcommittee concluded that sustainability in general, and indices and metrics 
developed by SHC specifically, are appropriate aspects of the Agency's research trajectory to meet the 
needs of the nation. 

Regarding Charge Question 1, the Subcommittee offers the following recommendations. 

Recommendations 

1. The Subcommittee encourages greater integration across projects and topics to achieve goals of
holism and inclusion. Consistent with the cross-cutting nature of sustainability, topic areas and
project areas should not be advanced in isolation. Instead systematic mechanisms to coordinate
and integrate should be applied. One of these mechanisms could be expanded use of shared staff
appointments across research topics.

2. The Subcommittee recommends greater integration across scales in the programs, products and
tools produced by SHC. The clients or users of product and tools produced by SHC include
individuals, community groups, local agencies, regional planning authorities, regulators and many
others. Greater attention could be given to making these products customizable and scalable. Also
differences in technical skills and capacity of various user populations can be more fully addressed.
Furthermore, the Subcommittee recommends that SHC also address the need to scale up and
down to capture key interactions influencing community experiences and decision making.
Communities do not always control their own destinies and they are often quite internally
heterogeneous.

3. The Subcommittee recommends SHC develop more systematic and transparent processes for
selection of communities and projects to include in analysis and data collection. The Subcommittee
noted a lack of transparency in how communities were selected to participate in programs or to be
included in data gathering efforts. One case in point is the seemingly ad hoc process for selecting
the 50 cities to include in the EnviroAtlas. Development of a meta-analytic framework could be
valuable in addressing the integration described in the aforementioned recommendations.

4. The Subcommittee recommends a greater focus and emphasis on outcomes. While it is important
to assess both outputs and outcomes, the Subcommittee sees benefit from greater emphasis on
outcomes than is currently in place. Outcomes can be tracked across partners and communities.
Efforts such as the Human Wellbeing Index (HWBI) and Environmental Quality Index (EQI) provide
useful metrics by which broad-scale outcomes could be measured.

5. The Subcommittee recommends a specific effort be undertaken to document gaps in current
knowledge, with the goal of enabling other researchers, including current researchers outside EPA
as well as future researchers at EPA, to pursue those areas. Identifying such knowledge gaps
provides opportunities to SHC research to advance knowledge and provide the most valuable
sustainability services and information to communities.

6. The Subcommittee recommends developing projects under Topic 4 (“integrated solutions”) that
are more closely related to the topic area. The Subcommittee was struck by the fact that under this
topic were not integrated solutions but instead an array of fairly specific research activities (e.g.,
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Charge Question 2. How effective are the approaches for involving the EPA partners 
in the problem formulation stage of research planning? 

General Observations 

While it is likely the EPA approach is moderately effective given the comments provided directly to the 
Subcommittee from a non-representative sample of EPA partners, limited evidence was provided to the 
Subcommittee for a conclusive finding. However, based on the evidence provided as well as discussions 
with EPA program offices and regions, we can note positive improvements from SHC’s past partner 
engagement activities. 

In this Charge Question as well as the following one, the Subcommittee distinguishes between the formal 
EPA “partners” as defined by ORD practice and the vast number of other research stakeholders. 
Stakeholder groups include university-based scholars, other Federal research offices, advocacy groups 
and non-profit research organizations, and the specific communities (city and regional governments and 
general citizenry) that are sites of SHC research or implicated by research findings because of common 
environmental traits. The evidence regarding formally defined partners’ involvement is incomplete, and 
for other stakeholder groups is essentially unavailable. 

There are effectively two research planning activities occurring in parallel: one involving research projects 
that are directly requested by EPA partners, and the other for SHC staff-directed research which includes 
formal topic identification, agenda-setting, and problem formulation like the StRAP. For the former, the 
involvement of EPA partners is obvious and the primary concerns involve SHC capacity and prioritization 
of the partners’ requests. For the latter, the activity has become more formal and—as noted above— 
apparently more thoughtful and robust than earlier EPA efforts. 

Particular Strengths 

Partners can and have included many constituencies and stakeholders for SHC. Formally, this includes EPA 
partners (regional and program offices), all of which have some level of official involvement in the StRAP 
and other planning processes. SHC staff has dramatically improved the formal engagement strategies with 
the EPA partners compared to previous efforts, as noted by the EPA partners' testimonials and project 
documentation. The informal engagement with partners and the broader stakeholder groups has also 

“Carbon stable isotopes as indicators of coastal eutrophication”, “Nutrient enrichment and 
precipitation changes do not enhance resiliency of salt marshes to sea level rise in the 
Northeastern U.S.”). While this research appears to be useful in its own right, it seems only 
indirectly related to the goal of “integrated solutions.” Alternately, a more explicit connection 
between the outputs and the overarching goal should be made. 

7. The Subcommittee recommends that efforts be taken to more fully develop the conceptualization
of sustainable and healthy communities. Given that EPA in general, and SHC specifically, have the 
opportunity to be global leaders in sustainability, presenting an integrated framework for how to 
think about sustainability and health could be transformative both for the U.S. and for communities 
around the world. Further, the Subcommittee recommends that SHC provide national       
leadership in defining core principles of wellbeing, community, resiliency, and sustainability. This 
not only involves synthesizing definitions, but continued work on matching units and levels of 
analysis to research questions and improving data availability at multiple scales. This requires 
continuous effort to avoid committing the ecological fallacy of applying observations made at  
larger scales to the individual scale. 
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expanded, and there has been opportunity granted to scholars to be more engaged with other 
stakeholders. 

Opportunities for Improvement 

The involvement of other EPA offices is either unclear, given the evidence presented, or not documented, 
such as the Office of Sustainable Communities. Other stakeholders are engaged in planning as mediated 
through the Regional Offices. These may include: state/local/tribal authorities, citizenry and 
neighborhood-level stakeholders, other Federal research offices (including EPA ones like the National 
Center for Environmental Economics, or NCEE), topical networks/knowledge, research organizations, 
scholars, or other funders (e.g., philanthropic organizations). It would be helpful to understand whether 
EPA sees cities as partners—either individually or collectively by coordinating with one or more of the city 
associations (e.g., the ICLEI network of Local Governments for Sustainability, Urban Sustainability 
Directors Network, National League of Cities, International City/County Management Association). Many 
of these groups are involved informally and, in some cases, serendipitously. 

The question about opportunities for improvement will be easier to answer when EPA defines the process 
for involving EPA partners (both within and outside the Agency) and develops measures of its 
effectiveness. In the future, the Subcommittee would like to review a defined process and documentation 
of the actual engagement in the preceding year. It may be useful to organize future meetings of SHC and 
the Subcommittee in a way that provides opportunities for meeting with centers and labs as well as 
partnering regions and communities. This could aid in enhancing understanding of the implementation of 
tools and their effectiveness in diverse situations. 

Further, the extent to which the StRAP is actually implemented, becomes a benchmark against which 
project execution is measured, and is revised, is unclear. Questions remain regarding the relevance and 
utility of research plans (as embodied in the StRAP): How do projects and their tasks come directly out of 
the StRAP? Are both the StRAP and projects concurrent products of SHC? Is the StRAP frequently revisited 
and updated with partner involvement, and are projects mapped against it? These questions may exist 
only because there are gaps in the information presented to the Subcommittee. 

Challenges 

Partner involvement in research planning is subject to administrative and organizational changes beyond 
SHC’s control (such as ORD reorganizing, Administrator prerogative, and Congressional mandate). As such, 
involvement is a work in progress and will continue to be constrained despite attempts to expand and 
document. 

Regarding Charge Question 2, the Subcommittee offers the following recommendations. 

Recommendations 

1. The Subcommittee recommends that the SHCRP formalize the engagement process without overly
complicating the engagement. EPA’s approach appears to be moderately effective. The
Subcommittee defines “moderately effective,” however, as having discovered no specific
shortcomings in the evidence provided. The Subcommittee was unable to determine if the process
is as effective as it could be or consistent across the broad range of partners who could inform
problem formulation. The Subcommittee believes that SHC can develop a process to provide more
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transparent and clear evidence of partner (and stakeholder) stakeholder engagement and priorities 
in problem formulation. 

2. The Subcommittee recommends that the SHC explicitly define “partners” and their appropriate
roles in research planning. It is appropriate to note that certain stakeholders should or should not
have a role in research planning, but this should be a conscious and documented decision.
Opportunities for casual and informal engagement with stakeholders should be fostered through
reallocation of resources for attendance at research conferences and outreach to other Federal
researchers—essentially, formally allowing the informal activity to occur.

3. The Subcommittee recommends that the SHCRP develop measures and criteria to assess the
effectiveness of stakeholder involvement. While each project and individual tasks may have
different involvement requirements, there should be a conscious set of criteria against which
effectiveness can be assessed during and after project completion. Some SHC grant programs (like
the Regional Sustainability and Environmental Research Program, or RESES) require explicit
“success measures” that include partner involvement, for example. The same strategy could apply
to research planning efforts, and might be applicable to reporting under the Government
Performance and Results Act (GPRA) (for example, through a “partner satisfaction” metric).

4. The Subcommittee recommends improvements in the documentation of the activities themselves.
One opportunity for documentation is to use web-based tools to document and track actual
partner input and identify priorities. It would also be useful to document changes in prioritization
by SHC as a part of this tracking effort. Current topic “charters” and “abstracts” describe this
information, but there is inconsistency in reporting across projects leading to a failure to account
for informal input provided by partners, and it is not analyzed for any patterns or gaps. Consistent
documentation of partner involvement activities, outputs, priorities as well as changes and
feedback will aid in transparent involvement. Documentation of these efforts will also make
external assessment of partner involvement possible. Again, though, efforts to document
engagement and decision processes should not be implemented in such a way as to preclude the
serendipitous projects which leverage existing research that arise from informal connections within
EPA, across other Federal agencies, and among external researchers. However those instances
should be noted in a way that recognizes the contributions of those opportunities in the final
outputs of the SHCRP.

5. The Subcommittee recommends linking the partner engagement at the research planning stage to
the engagement during the longer-term period of research execution. Include explicit plans for
how partners will continue to be engaged with the specific project or tasks within the research plan
itself. Partner involvement in research methods, data collection, testing, and dissemination are
currently done through many communication conduits, but these occur after projects have begun.
Having an earlier and explicit partnership plan in the research content plan that is agreed upon by
all partners will mitigate any confusion or missed opportunities later. To the extent possible,
specific personnel should be named, along with timelines and roles. Note, however, that not every
project or task will require the same level of partnership. The plan should simply note the
magnitude of involvement needed.

6. For the Subcommittee to more fully understand the implementation of tools and their
effectiveness in diverse situations, we recommend future meetings of SHC and the Subcommittee
provide opportunities for greater interaction with staff from centers and labs, as well as
stakeholders in partnering regions and communities.

D-14



Charge Question 3. How well does the Program respond to the needs of EPA 
partners (program office and regional)? 

General Observations 

There is an inherent but healthy tension between the mandate to support partner needs and a forward- 
thinking drive into identifying and pursuing new research topics to more broadly support the intent of the 
SHCRP. The Subcommittee believes there should be a balance among the research investments driven by 
partner priorities and those developed within and by SHC staff; one should not preclude the other. 

Particular Strengths 

Several activities exist to tie partner needs into the SHC activities, from projects like RESES to Technical 
Support Centers (TSCs) and related mechanisms to fund regional priorities, as well as the very frequent 
partner update calls, meetings, and sessions that are held. 

Partnership engagement is both formal and informal. In some cases, robust and universally appreciated 
projects have come about from informal engagement. We find that partnership engagement is dependent 
on partner staff availability, interest, and knowledge of the opportunity to participate in the development 
of all the projects that may be related to the work of SHC. 

Opportunities for Improvement 

Like the information regarding research planning, the data regarding research engagement in general that 
is provided to the Subcommittee is limited. Documentation of all partner and stakeholder engagement 
channels and their robustness is weak. In many cases, for example, the Subcommittee found that SHC 
researchers were collaborating with other Federal projects (in other departments or agencies) but the 
project documentation does not include these. 

Engagement with specific state/local/tribal authorities or community groups often appears ad hoc, and is 
likely not representative of all possible research needs or capacities. However, it should be noted, it is not 
necessarily SHC’s role to be an exhaustive research resource to all stakeholder groups, or to intervene in 
all the direct engagement plans of EPA’s program and regional offices. 

Challenges 

Resources for conducting pressing research separate from partner-driven research appear to be shrinking. 
Partners and stakeholders should be enlisted and engaged in understanding and articulating the value of 
exploratory research for their own long-term needs. A related resource issue involves the capacity for SHC 
to take on new subject areas, and to spend resources documenting partner needs and engagement that 
may be limited. 

Regarding Charge Question 3, the Subcommittee offers the following recommendations. 
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Recommendations 

1. The Subcommittee recommends that research projects pursued by SHC staff that may not reflect
immediate partner needs should continue to be encouraged, but should be evaluated through the
presentation of an EPA-mission rationale for the investment and expected timeframe for partner
involvement and mapping to partner needs and relevance. Clear articulation of how SHC-driven
work can support long-term capabilities of programs and regions could relieve the tension
between competing priorities.

2. The Subcommittee recommends that formal assessments of partner needs should be documented
in such a way that would facilitate clear decision making around prioritization so that those
decisions can be communicated transparently. Both formal and informal engagement processes to
solicit needs should also be documented so that clear lines can be drawn between the problem
formulation stage and the development of a research or tool development project. In presenting
the full scope of current and possible research, SHC can negotiate more effectively with partners
on priorities given limited resources. Partner-driven research is still a core function and mission of
SHC, and should not be jeopardized.

3. The Subcommittee recommends that a reasonable amount of SHC resources be reallocated to
partner-related engagement activities, starting with efforts to define the landscape of potential
engagement (which may include potential philanthropic funders and co-funders of SHC projects)
and informal engagement with all stakeholder types. In particular, other Federal researchers could
be productive and easily justifiable partners. Resources should be reallocated to insure that there
are staff motivators for partner engagement (e.g., requirements in performance reviews). While
resources are constrained, provision of these cost-effective strategies could ensure a longer-term
partner satisfaction as well as help identify the terrain of research needs efficiently.

4. The Subcommittee recommends that SHC coordinate with EPA’s Program Evaluation office to
conduct an implementation study of SHC’s partner engagement approach, and output or outcome
evaluations of partner engagement (in addition to other outputs and outcomes of interest as noted
by other working groups). SHC should develop a partner usage/utility measure for its outputs as
part of its GPRA reporting requirements. Note, again, that stakeholders include members of the
scholarly community as much as EPA program and regional offices. Metrics could include, for
example, bibliometrics for the former and peer review/satisfaction for the latter.

Specific to SHC: Charge Question 4. SHC has committed to integrating ecological and 
human health to better address issues of human and community wellbeing. Does 
the research program contain the elements necessary to integrate these two critical 
elements of EPA’s mission? 

General Observations 

The statement, “SHC has committed to integrating ecological and human health to better address issues 
of human and community wellbeing” represents a paradigm shift in focus from the traditional linear 
model of environmental health, whereby a toxin causes a disturbance to human health and the focus of 
work is on identifying the cause of the toxin and preventing it from having an effect on human health. The 
new paradigm looks at an integrated model of the socio-ecological system and the impact of disturbances 
not only to human health but related to a more complex concept of individual and community wellbeing. 
The Subcommittee observes a strong commitment to this paradigm shift within the SHCRP. 
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The question relates to an integration of the sustainability agenda and the environmental health agenda. 
This paradigm shift depends on a complex—not one-dimensional—conceptualization of the relationship 
between ecological conditions and human health, with mediating socio-economic factors. There are still 
ways to examine causal flows from environmental conditions to human health, but this paradigm shift 
requires stepping back at times from traditional causal thinking and into more systems thinking. Health 
and disease are rendered more complex by the notion of wellbeing. Wellbeing is more than health; it is a 
state of existence that encompasses a satisfactory or satisfied emotional state that, in turn, presupposes 
a level of security from physical, economic and social perspectives. The notion of community is integral to 
EPA’s strategic priorities and represents an appreciation of the scale of lived experience and decision 
making for people sharing common ties and interests in a shared place. Individual, community, economic, 
and ecological wellbeing are integrally connected. 

Having expanded the conceptualization of a simple cause and effect to a multifaceted, complex, dynamic 
and interactive model, the goal of “integrating ecological and human health to better address issues of 
human and community wellbeing” relates to EPA’s overarching pursuit of sustainability. 

While it will take further development of the relationship between SHC and the Subcommittee in the 
coming years to fully address these issues, from this vantage point it appears that SHCRP contains the 
elements necessary to integrate ecological and human health to better address issues of human and 
community wellbeing, but significant additional developments and modifications to existing systems are 
needed. 

Particular Strengths 

SHC tools developed to date or in development address many of the challenges faced by communities 
from urban to rural, from built environments to more natural, from dense to sparse populations as well 
as the needs of underserved communities in the context of environmental justice. 

Particularly impressive are the integrated and interactive tools developed to assess ecosystem goods and 
services exemplified by the EnviroAtlas, which uses advanced information technology including GIS, 
landscape-scale science, remotely sensed data, as well as qualitative and quantitative spatial information 
to enable communities to incorporate consideration of environmental, social, and economic data into 
decision making with a user-friendly and interactive web-based interface. Stated attention to 
development of new layers of information at multiple scales is a valuable ongoing enterprise. The national 
level Report on the Environment (ROE) provides useful macro-scale national information and provides 
valuable contextual information for the more locally sensitive EnviroAtlas. 

Other promising efforts include the EQI and HWBI that aim to gather and collate information from 
communities to provide valuable insights into the relationship between the ecological environment and 
human health and community wellbeing in selected areas. These related projects appear to be in early 
stages and dependent on gathering information from focused populations, but the information 
opportunities are intriguing. Obviously, more research is needed to move beyond county-level data and 
to reach a broader set of communities that will make the information more valuable and more widely 
available, but these appear to be on the right track. 

Another set of promising projects and tools are those that address vulnerable communities and issues of 
environmental justice. The Community-Focused Exposure and Risk Screening Tool (C-FERST) and Tribal- 
Focused Environmental Risk and Sustainability Tool (Tribal-FERST) are particularly encouraging. In 
allowing for tribal ownership of the Tribal-FERST tools and extending the ability to manage integration 
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with their own data, this project shows great sensitivity, wisdom and inclusion of environmental justice 
principles. 

The SHC project on Assessing Environmental Health Disparities in Vulnerable Groups offers the promise 
of developing new information that would be helpful to communities struggling with the social and 
economic factors that adversely affect health, the environment and ultimately wellbeing of individuals 
and communities. This project appears to contain appropriate focus on environmental stressors 
specifically encountered in child-specific environments through cooperation between EPA and the 
National Institute of Environmental Health Sciences (NIEHS) (for more information see 
https://www.niehs.nih.gov/research/supported/dert/programs/prevention/). The Subcommittee sees 
this focus on children’s environmental health as critically important. We note that there are animal 
models that are also exploring this important area of environmental health and vulnerable populations. 

Opportunities for Improvement 

Regarding indicator-based tools, such as EnviroAtlas, EQI, and HWBI, it will be important to continue to 
incorporate the dynamic nature of ecological and socio-economic conditions. Capturing a cross-sectional 
snapshot of conditions at a given period of time for a particular spatially delineated area is useful, but may 
not capture important trends or abrupt changes over time. We recognize that capturing  temporal 
dynamics is a function of data availability, but we believe capturing changing conditions over time is an 
opportunity for improvement in SHC tools. 

SHC’s conceptualization and measurement of ecological conditions is focused in the project on Final 
Ecosystem Goods and Services (FEGS). Difficulty may arise when certain ecosystem goods and services are 
difficult to measure quantitatively (e.g., cultural benefits). This often leads to them being left out, leading 
to specification error in subsequent modeling efforts. Additionally, the decision to quantify or monetize 
ecosystem goods and services may not always be appropriate or culturally sensitive, thus presenting a 
conundrum for researchers and potential crowding out of certain stakeholders. The FEGS project 
articulates the goal of including “community-specific research elements” in case studies to address “site- 
specific issues” and that “case study sites will be based on objective criteria” and community typologies, 
but it is unclear how this local sensitivity will be balanced with a priori determination of FEGS and 
associated metrics. 

Further, when FEGS are broken down by the role they play in an ecosystem and determined a priori, this 
may miss multiple or confounded or conflicting views. In other words, not all FEGSs are perceived or 
interpreted in the same way by multiple stakeholders. Thus, who is defining the benefit of the service is 
very important. There is also conceptual confusion in the notion of “final” ecosystem goods and services. 
What might be considered a direct benefit at one point may actually be intermediate in the context of a 
more broadly conceptualized system. In conclusion, an opportunity for improvement lies in a deeper 
engagement in articulation of ecosystem goods and services, including wrestling with challenges 
associated with the ecosystem services concepts and measures being discussed in the wider research 
community. 

Challenges 

The Subcommittee recognizes that this paradigm shift toward a more systems-oriented approach to 
understanding the relationships between ecological conditions and human health is a process that takes 
time. It is easier to focus on shorter-term goals than longer-term research agendas, though these longer 
horizons are critically important. We appreciate the challenge of creating tools to fit different situations 
and to fully understand how decision makers in different contexts use SHC tools. The biggest challenge 
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SHC faces currently is transitioning from tool creation and implementation to evaluation and adaptive 
development, which is a critical element in moving forward. Effective evaluation processes are 
complicated by Federal bureaucratic barriers to obtaining feedback from stakeholders, particularly in 
terms of human subjects review and Paperwork Reduction Act processes. 

Another set of challenges is found in how to conceptualize health, wellbeing, community, resiliency, and 
sustainability. Myriad conceptual and operational definitions exist in the research community and while 
there are loosely consensual themes, there are wide discrepancies to navigate. The SHCRP faces 
considerable challenge in putting forth an authoritative conceptualization of core concepts and their 
measures. 

Regarding Charge Question 4, the Subcommittee offers the following recommendations. 

Recommendations 

1. The Subcommittee recommends expanding SHC’s conceptualization of relationships between
ecological and human health away from linear, unidirectional articulations toward more complex
systems thinking and multi-directional relationships, including the mediating role of socio- 
economic factors. This may involve reconsidering the nesting hierarchy of sustainability elements
and integrating more logic models, causal and feedback loops, and system dynamics models,
including assessments of the economic implications of ecological and human health relationships.
Such models could depict the relationships among program objectives and activities in the SHC
portfolio, and the linkages between environmental quality and human wellbeing that are the
foundation of the program and the StRAP.

2. In the further development of tools, the Subcommittee recommends being highly mindful of tools
and data available from external partners, particularly other Federal agencies, so as to avoid
duplication of effort. Regarding existing resources across governmental, non-governmental, and
scholarly research communities, we highlight a few examples. On wellbeing, the Organisation for
Economic Co-operation and Development (OECD) has Guidelines on Measuring Subjective
Wellbeing and the Centers for Disease Control and Prevention (CDC) emphasizes living conditions
as part of wellbeing (http://www.cdc.gov/hrqol/wellbeing.htm). On health, the CDC has a National
Environmental Health Tracking System (http://ephtracking.cdc.gov/showHome.action) and a suite
of county-level indicators (http://www.countyhealthrankings.org/) and the American Academy of
Pediatrics has information on children’s health and environment (https://www.aap.org/en-  
us/about-the-aap/Committees-Councils-Sections/Council-on-Environmental-
Health/Pages/default.aspx). The One Health Initiative offers insights on human and animal health
connections http://www.onehealthinitiative.com/index.php. On ecological conditions, various
entities including the U.S. Army Corps of Engineers, U.S. Fish and Wildlife Service, and the
Consortium of Universities for the Advancement of Hydrologic Science, have tools for
interoperability with other systems and databases. The SHC’s web-based services and tools such as
EnviroAtlas are exceptional and will be only more impactful if they connect well with other data
sources and systems.

3. The Subcommittee recommends prioritizing efforts in and on vulnerable communities and with
vulnerable populations that may have increased likelihood of exposure as well as increased
susceptibility to adverse effects of stress and environmental agents (e.g., children and
environmental justice communities). At the same time, attention to emergent trends across
communities may identify nascent vulnerabilities in communities initially deemed to be more
resilient.
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Specific to SHC: Charge Question 5. SHC’s portfolio includes both hypothesis-driven 
research and the development of decision-support tools to aid Agency, state, and 
community stakeholders. Is the balance of research and tool development 
appropriate for this program? 

General Observations 

In addressing this charge question, the Subcommittee recognizes the importance of both hypothesis- 
driven research and the development of tools. SHC is clearly pursuing both of these directions. In addition, 
though, the Subcommittee believes that research and tools are not separate, but rather intrinsically 
linked, and that an awareness of the relationship between the two is critical. 

The Subcommittee discussed the question of whether the Sustainability Assessment and Management 
Toolbox provided by SHC (Topic 4) will be flexible enough to address these changes as well as to support 
the varied nature of community stakeholders who make decisions under different contexts and with 
differing levels of capacity. There are a host of tools in the toolbox that have been developed to address 
a host of different situations, very likely more tools than we can imagine, that not only need to be used, 
but also to be tested in the rapidly changing world. The questions the Subcommittee would ask in turn 
are: 

• For each tool, is there evidence of a needs assessment to document the reason the tool was
created?

• Are the tools being used?
• Are they being used appropriately?
• Are they helpful and effective?
• Do they meet the needs of the community?
• Are they appropriately addressing the local, regional, tribal, and global environmental realities and

changes?
• Do they need to be modified for general or specific use?
• Are there tools that have not been useful for which no further support should be given?
• Are more tools being developed, requested, or tested?

4. The Subcommittee recommends that the SHCRP expand the time horizon for investigating the
interactions of ecological and human health and community wellbeing. While we recognize the
mandate for relatively short planning windows of 5 years or less, we recommend attention be
given to longer-term strategies (e.g., 20 years or more) to allow for focus on emerging challenges
and global and national scale issues and drivers such as climate change, immigration, shrinking
cities, economic change, geopolitics, changing demographics, increasing income inequality and
persistent poverty. The Subcommittee advocates for attention to maintaining relevance and being
proactive, rather than reactionary, to ensure robust consideration of connections between
ecological and human health.

5. While we recognize budgetary constraints, the Subcommittee recommends adding staff in the
areas of expertise needed to address this new paradigm, particularly with regard to the social and
economic sciences, and with those who understand complex socio-ecological and psycho- 
physiological systems. It may also be increasingly necessary to tap into external expertise through
more extensive partnering. Either way, focusing on workforce development to allow for ongoing
attention to the critical domains of the SHCRP is deserving of resources.
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These questions are offered for consideration by SHC staff as part of the ongoing process of development 
of decision-support tools. 

Particular Strengths 

The Subcommittee commends several projects in particular, and each involves decision-support tools. 
With the growing focus on sustainability (see Charge Question 1), the Subcommittee sees the HWBI and 
EQI as critical tools to assess the overall state of particular communities. In addition, the Decision Analysis 
for a Sustainable Environment, Economy, and Society (DASEES) tool, with its ability to support structured 
decision making (presumably with the ultimate goal of improving along both the HWBI and EQI), was 
similarly praised in supporting sustainability objectives. 

The Subcommittee also applauds EPA’s commitment to make all of the Agency’s software available via 
open-source and non-proprietary formats. 

Opportunities for Improvement 

The Subcommittee notes that, in project descriptions, there is more discussion of tools than of data 
collection and hypothesis-driven research. Given both the interconnectedness between tools and 
research, and the challenge of reflecting all aspects of many person-years of work in a single set of 
documents, the Subcommittee recognizes that this may well be an artifact of the documentation process, 
rather than an actual imbalance in work being done. It was also noted that this could be due to the stage 
of the research, where, for example, a “research-heavy” past was now informing a “tool-heavy” present, 
with the balance between the two being reflected across longer periods of time than a single review cycle. 

Challenges 

The Subcommittee recognizes a number of challenges faced in the development of tools in particular. For 
example: 

• How can tools be made more useful for policy decisions?
• What kind of obligation does EPA have to keep tools current and interactive with changing needs? (It

was said that in the past this was seen as the private sector's role, but are there organizations that
will do so with sustainability tools? If not, whose job is it?)

• How can SHC balance two different types of tools: those that respond directly to requests from
communities or partners, and those that are developed based on EPA research and then afterwards
are disseminated to communities? The Subcommittee recognized that both these development
trajectories are potentially viable, but that they serve very different roles in connecting EPA with other
organizations (see also Charge Question 3).

• How can SHC assure that tools are accessible to communities with very limited expertise and capacity
to use them? (Is there a minimum scale below which the tools become inapplicable or useless, and
should this be acknowledged?)

The Subcommittee also acknowledged the fact that some decision-support tools inevitably produce 
indices that are used to rank communities, and such rankings may sometimes be controversial in their 
interpretation. The Subcommittee felt that rankings do have value because they can be used to identify 
areas of critical need or priority for resource allocation. However, rankings need to be clearly defined and 
bounded, and they may be most useful as a point of entry for further inquiry and dialogue. 
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Additionally, it was noted that tools that operate on such complex topics as sustainability inevitably 
include many different variables, and the setting of default values for those variables is challenging. 

Regarding Charge Question 5, the Subcommittee offers the following recommendations. 

Recommendations 

1. The Subcommittee recommends that the SHC compile a catalogue of tools, particularly those
related to ecological and community health, and increase effort to integrate tools with attention to
interoperability and ability for tools to inform each other and to answer research questions. The
catalogue of tools should include information on each tool such as the topic the tool supports, the
geographic scale of the tool, and a projection of the period of time the tool will be supported.

2. The Subcommittee recommends continued improvement and innovative development of decision- 
support tools, particularly drawing on partner and stakeholder engagement to improve
dissemination, utility and adaptive improvements of tools. These interactions among tools should
be well documented. For example, the EcoHealth Browser might help to guide relationship testing
using indicators available through tools such as EnviroAtlas, the EQI or HWBI.

3. While tools for communities and the public are of major importance, tools are also necessary to
infuse technology and innovation into regulatory enforcement actions, including air and water
quality safeguards, and resource protection responsibilities of the EPA. Therefore, the
Subcommittee also recommends development of innovative tools to assist the EPA in its
enforcement actions for the purposes of creating sustainable and healthy communities.

4. The Subcommittee recommends raising the profile of basic and applied research in StRAP
objectives. The objectives give greater emphasis to decision-support tools, with little mention of
how they relate to research. The objectives could be revised to articulate how applied research
supports the development of decision-support tools and provides the underlying data and
parameters that drive the tools. Tools may also be useful in data collection to help inform research
questions, for example through community evaluation of environmental scenarios.

5. The Subcommittee recommends that the StRAP include a description of the scales at which
“community” is defined. Human communities exist in a variety of forms that are linked and
overlapping, and the SHC portfolio includes tools and products that target different kinds of
communities. Enabling the SHC portfolio to reach communities at various scales could broaden its
range of impact, and understanding the ways in which communities may overlap or be nested
could help foster the spread of SHC-inspired tools.

Specific to SHC: Charge Question 6. SHC has a mission to address the short-term 
needs of EPA’s Office of Solid Waste and Emergency Response (OSWER) for research 
on contaminated sites, oil and fuel spills, and sustainable materials management. 
How can SHC best leverage these short-term research goals with longer-term 
community sustainability and environmental justice goals? 

General Observations 

OSWER requires timely technical assistance from SHC scientists to develop solutions that reduce 
environmental damage from contaminated sites and oil and fuel spills to acceptable levels. By all accounts, 
SHC has been very responsive to the needs of regional offices through the TSCs and has developed 
excellent products and tools for risk determination and remediation. The development of solutions for 
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cleaning up or containing environmental toxins is essential to meeting community needs and protecting 
human health. 

However, this research falls short of providing the understanding that is needed to guide communities in 
achieving longer-term sustainability and environmental justice goals. Consideration of these broader 
questions requires a scientific understanding and assessment of the impacts of site-specific actions on 
economic, social and environmental outcomes at neighborhood (i.e., area) and community scales, the 
social benefits and costs of these site-specific investments over longer periods of time, how these benefits 
and costs are distributed within and across neighborhoods and communities, and how these changes 
influence the behavior and decision making of individuals, households, businesses and communities. 

Particular Strengths 

SHC has done an outstanding job of responding to regional offices and providing technical assistance in a 
timely manner through the TSCs. As noted by a representative from Region 2 at the Subcommittee 
meeting, there have been over 150 examples of technical support provided by the SHCRP just this year. 
Notable examples of technical assistance were shared with the Subcommittee, including work on 
sediment characterization and vapor intrusion. The knowledge generated through the technical 
assistance work has benefited the development of useful products and tools for risk determination and 
remediation. 

In addition, SHC has been responsive to regional needs by providing opportunities for collaboration 
between regional staff and ORD staff, e.g., through the Regional Applied Research Effort (RARE) and RESES 
programs. A regional representative at the Subcommittee meeting noted that SHC is the only program 
within ORD’s portfolio that has dedicated funding to support this collaboration. 

Opportunities for Improvement 

The broader goals of the SHCRP to provide the knowledge, data, and tools needed to inform and support 
sustainable communities provides an opportunity to build on the strong environmental science and 
technical assistance research that SHC does by framing this work within a broader sustainability science 
context. Sustainability science is an emerging field that integrates across the natural and social sciences, 
engineering, and public health to address the problems of human impacts and dependence on ecological 
systems. The emphasis of this field is on coupling biophysical and social sciences to generate new scientific 
knowledge and apply it to developing practical solutions that achieve more sustainable and resilient 
communities. Sustainability science provides a useful framework for linking community responses to 
short-term events, such as oil or fuel spills, and management of longer-term pollution problems, such as 
toxic waste sites, with the broader social, economic and environmental processes that influence 
community-wide sustainability and environmental justice outcomes over the longer run. 

Challenges 

The challenges of developing a comprehensive framework that can bridge short- and long-term research 
goals, integrate a diversity of environmental science and social science disciplines, and be applied across 
multiple spatial and temporal scales are many. Developing such a framework requires a concerted effort 
over a sustained period of time and raises many questions. OSWER is increasingly focused on areas around 
contaminated sites and premises using toxic materials, so site-specific response and analysis of SHC tools 
need to be augmented for a different spatial scale. However, sustainability and environmental justice 
cannot just be site-specific, but need to also extend beyond site-specific foci to integrate neighborhoods, 
communities and areas into the scope. Expanding the research scope in this way requires additional 
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research expertise, e.g., in fostering a better understanding of individual behaviors, community decision 
making, economic impacts, and the feedbacks between human and environmental systems. The 
Subcommittee firmly supports this more comprehensive research approach and considers this to be 
essential to meet the SHC mission, but also recognizes the inevitable tension that arises in terms of 
resources devoted to short term needs versus the longer-term development of a broader research 
program. A related challenge is the cost of data collection to analyze individual, neighborhood and 
community level outcomes and the nonstandardization of data at local scales that can make data 
integration and consistent program evaluation difficult. 

Regarding Charge Question 6, the Subcommittee offers the following recommendations. 

Recommendations 

1. The Subcommittee recommends expanding focus from site-specific mitigation outputs to area and
community level outcomes. The impacts of site-specific cleanup or containment extend beyond a
specific location to broader level impacts on neighborhood and community wellbeing. Cleanup of a
toxic waste site, for example, may lead to new opportunities for reuse of land and can create
opportunities for economic development in neighborhoods, but can also lead to greater inequities
if gentrification displaces the poor. Social science research, including integrative studies of the
economic, social, and ecological benefits and costs of remediation and redevelopment as well as
social mobility and demographic change, is needed to better understand the links between site- 
specific cleanup and outcomes related to human health, economic prosperity, social equity,
ecosystem services, and community well-being.

2. The Subcommittee recommends that the SHCRP collect data and conduct research on local area
redevelopment efforts and contaminated sites to better inform decisions on immediate response
and longer-term management of those sites. The management responses to toxic and
contaminated sites determine the redevelopment opportunities that may be possible in the longer
run. Consideration of not only the current, but also future, costs and benefits of various
management strategies should be included to identify responses that preserve future
redevelopment options and enhance the net benefits of future reuse. Research is also needed to
make explicit the benefits and costs of alternative management strategies at neighborhood,
community and national scales and how trade-offs vary, and may even conflict, across these scales.

3. The Subcommittee recommends including people-based as well as place-based analytical frames in
research and tool development. A holistic approach to assessing the impacts of site-specific actions
on area and community level outcomes requires both place-based and people-based data
collection and analysis. Individual households and businesses respond to place-specific variables,
e.g., households choose residential locations based in large part on neighborhood-level
characteristics. Understanding how changes in place-based features influence the actions and
wellbeing of people is important for assessing sustainability and environmental justice outcomes.

4. The Subcommittee recommends that the SHCRP adopt a holistic approach to research on the
productive uses of land and materials that can be translated into well-being outcomes at
neighborhood, community, and national scales. Figure 1 provides a preliminary conceptual
framework for linking these shorter and longer-term goals and processes across site, area and
community scales. Moving from left to right, optimal site-specific management decisions are
influenced by potential redevelopment options for the site, which both depend on and influence
the spatial mix of land uses, economic activities, and human skills and services in the area. These
activities depend on the institutions and governance networks that influence and constrain them,
all of which interact with community-level sustainability and environmental justice outcomes.
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Figure 1: Preliminary conceptual framework for holistic approach to linking site-specific 
management with broader social, economic and environmental assessment of just and sustainable 

communities 

5. The Subcommittee recommends that the SHCRP collect data on a broader array of community
outcomes to measure wellbeing, including data to quantify indicators of economic prosperity,
environmental justice, social equity, and ecosystem services. The factors that influence the longer- 
term sustainability of a community are multi-dimensional. Sustainable management relies on an
understanding of how policies and other governance strategies impact the trade-offs across
economic, social and environmental dimensions. Data and modeling to quantify these trade-offs
are needed to inform tool development and policy design. Purposeful research designs are needed,
including longitudinal studies and quasi-experiments, to improve empirical identification of causal
linkages between remediation and outcomes at site, neighborhood and community scales.

6. The Subcommittee recommends that the SHCRP integrate existing research and seek collaboration
with partners to build on the accumulated knowledge of sustainability and wellbeing topics. There
is a large and growing body of research on sustainability, resilience and community wellbeing on
which SHC should build to leverage its own efforts and maximize its impact. SHC should seek to
incorporate existing knowledge in developing their research plans, strategies and policy
recommendations. In addition, opportunities to collaborate on joint research with internal and
external partners may be feasible and should be pursued where possible.
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SUMMARY LIST OF RECOMMENDATIONS 

Charge Question 1. Given the research objectives articulated in the StRAP, are the 
topics and project areas planned and organized appropriately to make good 
progress on these objectives in the 2016-2019 time frame? 

• Recommendation 1.1: The Subcommittee encourages greater integration across projects and topics
to achieve goals of holism and inclusion. Consistent with the cross-cutting nature of sustainability,
topic areas and project areas should not be advanced in isolation. Instead systematic mechanisms to
coordinate and integrate should be applied. One of these mechanisms could be expanded use of
shared staff appointments across research topics.

• Recommendation 1.2: The Subcommittee recommends greater integration across scales in the
programs, products and tools produced by SHC. The clients or users of product and tools produced by
SHC include individuals, community groups, local agencies, regional planning authorities, regulators
and many others. Greater attention could be given to making these products customizable and
scalable. Also differences in technical skills and capacity of various user populations can be more fully
addressed. Furthermore, the Subcommittee recommends that SHC also address the need to scale up
and down to capture key interactions influencing community experiences and decision making.
Communities do not always control their own destinies and they are often quite internally
heterogeneous.

• Recommendation 1.3: The Subcommittee recommends SHC develop more systematic and
transparent processes for selection of communities and projects to include in analysis and data
collection. The Subcommittee noted a lack of transparency in how communities were selected to
participate in programs or to be included in data gathering efforts. One case in point is the seemingly
ad hoc process for selecting the 50 cities to include in the EnviroAtlas. Development of a meta-analytic
framework could be valuable in addressing the integration described in the aforementioned
recommendations.

• Recommendation 1.4: The Subcommittee recommends a greater focus and emphasis on outcomes.
While it is important to assess both outputs and outcomes, the Subcommittee sees benefit from
greater emphasis on outcomes than is currently in place. Outcomes can be tracked across partners
and communities. Efforts such as the Human Wellbeing Index (HWBI) and Environmental Quality Index
(EQI) provide useful metrics by which broad-scale outcomes could be measured.

• Recommendation 1.5: The Subcommittee recommends a specific effort be undertaken to document
gaps in current knowledge, with the goal of enabling other researchers, including current researchers
outside EPA as well as future researchers at EPA, to pursue those areas. Identifying such knowledge
gaps provides opportunities to SHC research to advance knowledge and provide the most valuable
sustainability services and information to communities.

• Recommendation 1.6: The Subcommittee recommends developing projects under Topic 4
(“integrated solutions”) that are more closely related to the topic area. The Subcommittee was struck
by the fact that under this topic were not integrated solutions but instead an array of fairly specific
research activities (e.g., “Carbon stable isotopes as indicators of coastal eutrophication”, “Nutrient
enrichment and precipitation changes do not enhance resiliency of salt marshes to sea level rise in
the Northeastern U.S.”). While this research appears to be useful in its own right, it seems only
indirectly related to the goal of “integrated solutions.” Alternately, a more explicit connection
between the outputs and the overarching goal should be made.

• Recommendation 1.7: The Subcommittee recommends that efforts be taken to more fully develop
the conceptualization of sustainable and healthy communities. Given that EPA in general, and SHC
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specifically, have the opportunity to be global leaders in sustainability, presenting an integrated 
framework for how to think about sustainability and health could be transformative both for the U.S. 
and for communities around the world. Further, the Subcommittee recommends that SHC provide 
national leadership in defining core principles of wellbeing, community, resiliency, and sustainability. 
This not only involves synthesizing definitions, but continued work on matching units and levels of 
analysis to research questions and improving data availability at multiple scales. This requires 
continuous effort to avoid committing the ecological fallacy of applying observations made at larger 
scales to the individual scale. 

Charge Question 2. How effective are the approaches for involving the EPA partners 
in the problem formulation stage of research planning? 

• Recommendation 2.1: The Subcommittee recommends that the SHCRP formalize the engagement
process without overly complicating the engagement. EPA’s approach appears to be moderately
effective. The Subcommittee defines “moderately effective,”  however, as having  discovered  no
specific shortcomings in the evidence provided. The Subcommittee was unable to determine if the
process is as effective as it could be or consistent across the broad range of partners who could inform
problem formulation. The Subcommittee believes that SHC can develop a process to provide more
transparent and clear evidence of partner (and stakeholder) stakeholder engagement and priorities
in problem formulation.

• Recommendation 2.2: The Subcommittee recommends that the SHC explicitly define “partners” and
their appropriate roles in research planning. It is appropriate to note that certain stakeholders should
or should not have a role in research planning, but this should be a conscious and documented
decision. Opportunities for casual and informal engagement with stakeholders should be fostered
through reallocation of resources for attendance at research conferences and outreach to other
Federal researchers—essentially, formally allowing the informal activity to occur.

• Recommendation 2.3: The Subcommittee recommends that the SHCRP develop measures and criteria
to assess the effectiveness of stakeholder involvement. While each project and individual tasks may
have different involvement requirements, there should be a conscious set of criteria against which
effectiveness can be assessed during and after project completion. Some SHC grant programs (like the
Regional Sustainability and Environmental Research Program, or RESES) require explicit “success
measures” that include partner involvement, for example. The same strategy could apply to research
planning efforts, and might be applicable to reporting under the Government Performance and
Results Act (GPRA) (for example, through a “partner satisfaction” metric).

• Recommendation 2.4: The Subcommittee recommends improvements in the documentation of the
activities themselves. One opportunity for documentation is to use web-based tools to document and
track actual partner input and identify priorities. It would also be useful to document changes in
prioritization by SHC as a part of this tracking effort. Current topic “charters” and “abstracts” describe
this information, but there is inconsistency in reporting across projects leading to a failure to account
for informal input provided by partners, and it is not analyzed for any patterns or gaps. Consistent
documentation of partner involvement activities, outputs, priorities as well as changes and feedback
will aid in transparent involvement. Documentation of these efforts will also make external
assessment of partner involvement possible. Again, though, efforts to document engagement and
decision processes should not be implemented in such a way as to preclude the serendipitous projects
which leverage existing research that arise from informal connections within EPA, across other
Federal agencies, and among external researchers. However those instances should be noted in a way
that recognizes the contributions of those opportunities in the final outputs of the SHCRP.
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• Recommendation 2.5: The Subcommittee recommends linking the partner engagement at the
research planning stage to the engagement during the longer-term period of research execution.
Include explicit plans for how partners will continue to be engaged with the specific project or tasks
within the research plan itself. Partner involvement in research methods, data collection, testing, and
dissemination are currently done through many communication conduits, but these occur after
projects have begun. Having an earlier and explicit partnership plan in the research content plan that
is agreed upon by all partners will mitigate any confusion or missed opportunities later. To the extent
possible, specific personnel should be named, along with timelines and roles. Note, however, that not
every project or task will require the same level of partnership. The plan should simply note the
magnitude of involvement needed.

• Recommendation 2.6: For the Subcommittee to more fully understand the implementation of tools
and their effectiveness in diverse situations, we recommend future meetings of SHC and the
Subcommittee provide opportunities for greater interaction with staff from centers and labs, as well
as stakeholders in partnering regions and communities.

Charge Question 3. How well does the Program respond to the needs of EPA 
partners (program office and regional)? 

• Recommendation 3.1: The Subcommittee recommends that research projects pursued by SHC staff
that may not reflect immediate partner needs should continue to be encouraged, but should be
evaluated through the presentation of an EPA-mission rationale for the investment and expected
timeframe for partner involvement and mapping to partner needs and relevance. Clear articulation
of how SHC-driven work can support long-term capabilities of programs and regions could relieve the
tension between competing priorities.

• Recommendation 3.2: The Subcommittee recommends that formal assessments of partner needs
should be documented in such a way that would facilitate clear decision making around prioritization
so that those decisions can be communicated transparently. Both formal and informal engagement
processes to solicit needs should also be documented so that clear lines can be drawn between the
problem formulation stage and the development of a research or tool development project. In
presenting the full scope of current and possible research, SHC can negotiate more effectively with
partners on priorities given limited resources. Partner-driven research is still a core function and
mission of SHC, and should not be jeopardized.

• Recommendation 3.3: The Subcommittee recommends that a reasonable amount of SHC resources
be reallocated to partner-related engagement activities, starting with efforts to define the landscape
of potential engagement (which may include potential philanthropic funders and co-funders of SHC
projects) and informal engagement with all stakeholder types. In particular, other Federal researchers
could be productive and easily justifiable partners. Resources should be reallocated to insure that
there are staff motivators for partner engagement (e.g., requirements in performance reviews). While
resources are constrained, provision of these cost-effective strategies could ensure a longer-term
partner satisfaction as well as help identify the terrain of research needs efficiently.

• Recommendation 3.4: The Subcommittee recommends that SHC coordinate with EPA’s Program
Evaluation office to conduct an implementation study of SHC’s partner engagement approach, and
output or outcome evaluations of partner engagement (in addition to other outputs and outcomes of
interest as noted by other working groups). SHC should develop a partner usage/utility measure for
its outputs as part of its GPRA reporting requirements. Note, again, that stakeholders include
members of the scholarly community as much as EPA program and regional offices. Metrics could
include, for example, bibliometrics for the former and peer review/satisfaction for the latter.
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Specific to SHC: Charge Question 4. SHC has committed to integrating ecological and 
human health to better address issues of human and community wellbeing. Does 
the research program contain the elements necessary to integrate these two critical 
elements of EPA’s mission? 

• Recommendation 4.1: The Subcommittee recommends expanding SHC’s conceptualization of
relationships between ecological and human health away from linear, unidirectional articulations
toward more complex systems thinking and multi-directional relationships, including the mediating
role of socio-economic factors. This may involve reconsidering the nesting hierarchy of sustainability
elements and integrating more logic models, causal and feedback loops, and system dynamics models,
including assessments of the economic implications of ecological and human health relationships.
Such models could depict the relationships among program objectives and activities in the SHC
portfolio, and the linkages between environmental quality and human wellbeing that are the
foundation of the program and the StRAP.

• Recommendation 4.2: In the further development of tools, the Subcommittee recommends being
highly mindful of tools and data available from external partners, particularly other Federal agencies,
so  as  to  avoid  duplication  of  effort.  Regarding  existing  resources  across  governmental,  non- 
governmental, and scholarly research communities, we highlight a few examples. On wellbeing, the
Organisation for Economic Co-operation and Development (OECD) has Guidelines on Measuring
Subjective Wellbeing and the Centers for Disease Control and Prevention (CDC) emphasizes living
conditions as part of wellbeing (http://www.cdc.gov/hrqol/wellbeing.htm). On health, the CDC has a
National Environmental Health Tracking System (http://ephtracking.cdc.gov/showHome.action) and
a suite of county-level indicators (http://www.countyhealthrankings.org/) and the American Academy
of  Pediatrics  has  information  on  children’s  health  and  environment  (https://www.aap.org/en-  
us/about-the-aap/Committees-Councils-Sections/Council-on-Environmental-
Health/Pages/default.aspx). The One Health Initiative offers insights on human and animal health
connections   http://www.onehealthinitiative.com/index.php.   On   ecological   conditions,   various
entities including the U.S. Army Corps of Engineers, U.S. Fish and Wildlife Service, and the Consortium
of Universities for the Advancement of Hydrologic Science, have tools for interoperability with other
systems and databases. The SHC’s web-based services and tools such as EnviroAtlas are exceptional
and will be only more impactful if they connect well with other data sources and systems.

• Recommendation 4.3: The Subcommittee recommends prioritizing efforts in and on vulnerable
communities and with vulnerable populations that may have increased likelihood of exposure as well
as increased susceptibility to adverse effects of stress and environmental agents (e.g., children and
environmental justice communities). At the same time, attention to emergent trends across
communities may identify nascent vulnerabilities in communities initially deemed to be more
resilient.

• Recommendation 4.4: The Subcommittee recommends that the SHCRP expand the time horizon for
investigating the interactions of ecological and human health and community wellbeing. While we
recognize the mandate for relatively short planning windows of 5 years or less, we recommend
attention be given to longer-term strategies (e.g., 20 years or more) to allow for focus on emerging
challenges and global and national scale issues and drivers such as climate change, immigration,
shrinking cities, economic change, geopolitics, changing demographics, increasing income inequality
and persistent poverty. The Subcommittee advocates for attention to maintaining relevance and
being proactive, rather than reactionary, to ensure robust consideration of connections between
ecological and human health.
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• Recommendation 4.5: While we recognize budgetary constraints, the Subcommittee recommends
adding staff in the areas of expertise needed to address this new paradigm, particularly with regard
to the social and economic sciences, and with those who understand complex socio-ecological and
psycho-physiological systems. It may also be increasingly necessary to tap into external expertise
through more extensive partnering. Either way, focusing on workforce development to allow for
ongoing attention to the critical domains of the SHCRP is deserving of resources.

Specific to SHC: Charge Question 5. SHC’s portfolio includes both hypothesis-driven 
research and the development of decision-support tools to aid Agency, state, and 
community stakeholders. Is the balance of research and tool development 
appropriate for this program? 

• Recommendation 5.1: The Subcommittee recommends that the SHC compile a catalogue of tools,
particularly those related to ecological and community health, and increase effort to integrate tools
with attention to interoperability and ability for tools to inform each other and to answer research
questions. The catalogue of tools should include information on each tool such as the topic the tool
supports, the geographic scale of the tool, and a projection of the period of time the tool will be
supported.

• Recommendation 5.2: The Subcommittee recommends continued improvement and innovative
development of decision-support tools, particularly drawing on partner and stakeholder engagement
to improve dissemination, utility and adaptive improvements of tools. These interactions among tools
should be well documented. For example, the EcoHealth Browser might help to guide relationship
testing using indicators available through tools such as EnviroAtlas, the EQI or HWBI.

• Recommendation 5.3: While tools for communities and the public are of major importance, tools are
also necessary to infuse technology and innovation into regulatory enforcement actions, including air
and water quality safeguards, and resource protection responsibilities of the EPA. Therefore, the
Subcommittee also recommends development of innovative tools to assist the EPA in its enforcement
actions for the purposes of creating sustainable and healthy communities.

• Recommendation 5.4: The Subcommittee recommends raising the profile of basic and  applied
research in StRAP objectives. The objectives give greater emphasis to decision-support tools, with
little mention of how they relate to research. The objectives could be revised to articulate how applied
research supports the development of decision-support tools and provides the underlying data and
parameters that drive the tools. Tools may also be useful in data collection to help inform research
questions, for example through community evaluation of environmental scenarios.

• Recommendation 5.5: The Subcommittee recommends that the StRAP include a description of the
scales at which “community” is defined. Human communities exist in a variety of forms that are linked
and overlapping, and the SHC portfolio includes tools and products that target different kinds of
communities. Enabling the SHC portfolio to reach communities at various scales could broaden its
range of impact, and understanding the ways in which communities may overlap or be nested could
help foster the spread of SHC-inspired tools.
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Specific to SHC: Charge Question 6. SHC has a mission to address the short-term 
needs of EPA’s Office of Solid Waste and Emergency Response (OSWER) for research 
on contaminated sites, oil and fuel spills, and sustainable materials management. 
How can SHC best leverage these short-term research goals with longer-term 
community sustainability and environmental justice goals? 

• Recommendation 6.1: The Subcommittee recommends expanding focus from site-specific mitigation
outputs to area and community level outcomes. The impacts of site-specific cleanup or containment
extend beyond a specific location to broader level impacts on neighborhood and community
wellbeing. Cleanup of a toxic waste site, for example, may lead to new opportunities for reuse of land
and can create opportunities for economic development in neighborhoods, but can also lead to
greater inequities if gentrification displaces the poor. Social science research, including integrative
studies of the economic, social, and ecological benefits and costs of remediation and redevelopment
as well as social mobility and demographic change, is needed to better understand the links between
site-specific cleanup and outcomes related to human health, economic prosperity, social equity,
ecosystem services, and community well-being.

• Recommendation 6.2: The Subcommittee recommends that the SHCRP collect data and conduct
research on local area redevelopment efforts and contaminated sites to better inform decisions on
immediate response and longer-term management of those sites. The management responses to
toxic and contaminated sites determine the redevelopment opportunities that may be possible in the
longer run. Consideration of not only the current, but also future, costs and benefits of various
management strategies should be included to identify responses that preserve future redevelopment
options and enhance the net benefits of future reuse. Research is also needed to make explicit the
benefits and costs of alternative management strategies at neighborhood, community and national
scales and how trade-offs vary, and may even conflict, across these scales.

• Recommendation 6.3: The Subcommittee recommends including people-based as well as place- 
based analytical frames in research and tool development. A holistic approach to assessing the
impacts of site-specific actions on area and community level outcomes requires both place-based and
people-based data collection and analysis. Individual households and businesses respond to place- 
specific variables, e.g., households choose residential locations based in large part on neighborhood- 
level characteristics. Understanding how changes in place-based features influence the actions and
wellbeing of people is important for assessing sustainability and environmental justice outcomes.

• Recommendation 6.4: The Subcommittee recommends that the SHCRP adopt a holistic approach to
research on the productive uses of land and materials that can be translated into well-being outcomes
at neighborhood, community, and national scales. Figure 1 provides a preliminary conceptual
framework for linking these shorter and longer-term  goals and processes across site, area and
community scales. Moving from left to right, optimal site-specific management decisions are
influenced by potential redevelopment options for the site, which both depend on and influence the
spatial mix of land uses, economic activities, and human skills and services in the area. These activities
depend on the institutions and governance networks that influence and constrain them, all of which
interact with community-level sustainability and environmental justice outcomes.

• Recommendation 6.5: The Subcommittee recommends that the SHCRP collect data on a broader
array of community outcomes to measure wellbeing, including data to quantify indicators of economic
prosperity, environmental justice, social equity, and ecosystem services. The factors that influence
the longer-term sustainability of a community are multi-dimensional. Sustainable management relies
on an understanding of how policies and other governance strategies impact the trade-offs across
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economic, social and environmental dimensions. Data and modeling to quantify these trade-offs are 
needed to inform tool development and policy design. Purposeful research designs are needed, 
including longitudinal studies and quasi-experiments, to improve empirical identification of causal 
linkages between remediation and outcomes at site, neighborhood and community scales. 

• Recommendation 6.6: The Subcommittee recommends that the SHCRP integrate existing research
and seek collaboration with partners to build on the accumulated knowledge of sustainability and 
wellbeing topics. There is a large and growing body of research on sustainability, resilience and 
community wellbeing on which SHC should build to leverage its own efforts and maximize its impact. 
SHC should seek to incorporate existing knowledge in developing their research plans, strategies and 
policy recommendations. In addition, opportunities to collaborate on joint research with internal and 
external partners may be feasible and should be pursued where possible. 

SUMMARY OF RECOMMENDATIONS AND CONCLUSIONS 

The Subcommittee generally found the vision and objectives in the StRAP to be clearly conveyed and the 
topics and project areas to be planned and organized appropriately. As a general conclusion, the 
Subcommittee acknowledges the consistent focus on sustainability across SHCRP activities, and 
commends the systems orientation of the programs within the SHCRP. The Subcommittee also recognizes 
the challenges of the integration across environmental science and social science disciplines, and the 
application across multiple spatial and temporal scales that sustainability science requires. 

The Subcommittee recommends the SHCRP continue to develop its conceptualization of sustainable and 
healthy communities. EPA in general, and the SHCRP specifically, have an opportunity to be global leaders 
in sustainability, and in defining core principles of wellbeing, community, and resilience. The development 
and dissemination of an integrated framework for how to think about sustainable and healthy 
communities could be nationally and globally transformative. 

Furthermore, the Subcommittee recommends expanding SHC’s conceptualization of relationships 
between ecological and human health and wellbeing away from unidirectional articulations toward non- 
linear, multi-directional relationships. This shift in conceptualization requires the integration of systems 
thinking into the development of projects and tools, and may involve the integration of causal and 
feedback loops, scenario building, and system dynamics models. Furthermore, the Subcommittee 
recommends that the SHCRP expand the time horizon for investigating the interactions of ecological and 
human health and community wellbeing. 

The Subcommittee recommends greater integration across projects, topics, and scales in the outputs, 
products, and tools produced by the SHCRP. Integration is critical for understanding sustainable and 
healthy communities, particularly given the scope of the SHCRP. Greater attention could be given to 
considering the needs, skills, and capacity of the range of users of products and tools produced by the 
SHCRP, and to ensuring that these products and tools are customizable and scalable to capture key 
interactions influencing community experiences and decision making. 

However, this level of integration represents a kind of paradigm shift in focus from traditional, linear 
models of community and environmental health. To that end, the Subcommittee recommends that the 
SHCRP continue to build capacity for greater integration that this paradigm shift requires. In particular, 
the Subcommittee recommends hiring additional staff with expertise in the social and economic sciences, 
and in complex socio-ecological systems. The SHCRP could also consider expanding the use of shared staff 
appointments across research topics. 
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The Subcommittee recommends that the SHCRP formalize the engagement process with partners and 
stakeholders, and develop measures and criteria to assess the effectiveness of stakeholder involvement. 
The Subcommittee also recommends that the SHCRP improve the documentation of partner involvement 
activities, and better integrate partner involvement from the stages of research planning through 
execution and evaluation. Finally, in order for the Subcommittee to more fully understand the 
effectiveness of partner engagement and the implementation of decision-support tools in diverse 
situations, we recommend future meetings of SHC and the Subcommittee provide opportunities for 
greater interaction with staff from centers and labs, as well as stakeholders in partnering regions and 
communities. 

The Subcommittee recommends further that the SHCRP compile a catalogue of tools that would include 
information on each tool such as the topic that the tool supports, the geographic scale of the tool, and a 
projection of the period of time the tool will be supported. It is further recommended that SHC increase 
its effort to integrate tools with attention to interoperability and ability for tools to inform each other and 
to answer research questions. The Subcommittee further recommends continued development of 
innovative decision-support tools by drawing on partner and stakeholder engagement to improve 
dissemination, utility, evaluation, and adaptive improvements of tools. 

Another important recommendation from the Subcommittee is to systematically and comprehensively 
evaluate and document feedback from partners and other users of SHC tools in order to examine the 
effectiveness of decision-support tools. Meta-analytical work to assess efficacy of tools across diverse 
community types, along with qualitative narrative development of experiences, would be highly useful. 
Community typological work may be useful in informing selection of cases, rather than ad hoc application 
of tools for communities most able to engage. It appeared to the Subcommittee in the September 2015 
meeting that more has been done in terms of evaluation and adaptive development than was apparent 
in the documentation provided. It may be that engaging a contractor for this systematic evaluation would 
be useful. 

In conclusion, the Subcommittee believes that the activities of the SHCRP are well aligned with the mission 
of the Program, and that SHC staff members have demonstrated considerable progress toward the 
objectives of conducting research and delivering products that improve the capability of EPA to carry out 
its responsibilities. 
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Disclaimer Text. This report was written by the Human Health Research 
Subcommittee of the Board of Scientific Counselors, a public advisory committee 
chartered under the Federal Advisory Committee Act (FACA) that provides 
external advice, information, and recommendations to the Office of Research and 
Development (ORD). This report has not been reviewed for approval by the 
U.S. Environmental Protection Agency (EPA), and therefore, the report’s contents 
and recommendations do not necessarily represent the views and policies of EPA, 
or other agencies of the federal government. Further, the content of this report 
does not represent information approved or disseminated by EPA, and, 
consequently, it is not subject to EPA’s Data Quality Guidelines. Mention of trade 
names or commercial products does not constitute a recommendation for use. 
Reports of the  Board of Scientific Counselors are posted on the  Internet at 
http://www.epa.gov/osp/bosc. 
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LIST OF ACRONYMS 

AWWA American Water Works Association 
BOSC Board of Scientific Counselors 
CCL Contaminant Candidate List 
DAA Deputy Assistant Administrator 
DSDM Dynamic System Development Method 
EPA Environmental Protection Agency 
FACA Federal Advisory Committee Act 
NACWA National Association of Clean Water Agencies 
NDMA N-nitrosodimethylamine (aka dimethylnitrosamine; DMN) 
NGO Non-governmental Organization 
NIH National Institutes of Health 
ORD Office of Research and Development 
OW Office of Water 
PIPs Pathfinder Innovation Projects 
RARE Regional Applied Research Effort 
RD&D Research, Development, and Demonstration 
RRPP Regional Research Partnership Program (aka R2P2) 
RRWR Resource Recovery and Water Reuse 
RSL Regional Science Liaison 
SAB Science Advisory Board 
SBIR Small Business Innovation Research 
SSWR Safe and Sustainable Water Resources 
STAR Science to Achieve Results 
StRAP Strategic Research Action Plan 
TDD Test Driven Development 
UCMR Unregulated Contaminant Monitoring Rule 
WEF Water Environment Federation 
WERF Water Environment Research Foundation 
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BACKGROUND 

The EPA’s BOSC Safe and Sustainable Water Resources (SSWR) Subcommittee8 met in person August 27– 
28 and by phone on November 13 to develop responses to EPA Office of Research and Development (ORD) 
charge questions. The Subcommittee’s responses and recommendations are provided in this report. 

CHARGE QUESTIONS AND CONTEXT 

Charge Question 1. Given the research objectives articulated in the StRAP, are the 
topics and project areas planned and organized appropriately to make good 
progress on these objectives in the 2016-2019 time frame? 

The StRAPs are designed to clearly convey the vision and objectives of the research program, and to 
describe, at a high level, the research topics, and major outputs planned for 2016-2019. Upon receiving 
recommendations from the Science Advisory Board (SAB) and the BOSC Executive Committee (EC), as well 
as from EPA partners and others, ORD has further developed the StRAPs, including refining the objectives 
and topics, and providing more clarity. At an operational level, each research program is aiming to 
accomplish its objectives through research spanning physical, biological and social sciences and through 
numerous ORD laboratories, centers, and STAR grantees all across the country. In addition, ORD has 
heeded the advice of the SAB and BOSC in past years to do more to integrate research across the six 
programs, across EPA and with other Federal partners. Given these complexities, we recognize there are 
likely several reasonable approaches for organizing the research to best accomplish the objectives. 

Charge Question 2. How effective are the approaches for involving the EPA partners 
in the problem formulation stage of research planning? 

ORD works with EPA partners to design the research programs to meet Agency priorities. The first step in 
this process is problem formulation which provides the foundation of the research. Although it can be 
tempting to jump to a list of research priorities, problems that are well defined lead to the most effective 
research efforts and solutions. The problem formulation stage of research planning lays the groundwork 
for the StRAPs and is the reference point for any changes in priorities as budgets change and new issues 
emerge. Problem formulation occurs at many different levels including the articulation of issues in the 
EPA Strategic plan; meetings with EPA partners including regular staff-to-staff meetings; workshops and 
conferences where states, regions, policy and science staff describe the problems they face; and 
discussions among senior managers at EPA. In addition, each National Program Director reaches out to 
EPA partners in a variety of targeted ways to agree on problem definition. 

............................... 
8 The Subcommittee members serve in their individual capacities and their views and recommendations don’t reflect 
the views of their respective organizations in any way or form. 
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Charge Question 3. How well does the Program respond to the needs of EPA 
partners (program office and regional)? 

ORD places a very high value on working closely with EPA partners to design the research programs to 
meet Agency priorities. During the preparation of the StRAPs, the programs were guided by the EPA 
Strategic Plan and undertook a variety of activities to actively engage partners, both to understand their 
priorities and to elicit their input on research directions. These include many regular meetings with EPA 
policy and regional staff, communities of practice for specific scientific disciplines throughout the Agency, 
annual two day meetings led by the NPDs, annual senior level meetings with EPA Assistant and Regional 
Administrators, and formal requests from ORD’s Deputy Assistant Administrator (DAA) for science to 
receive comments from across the Agency twice during the year of StRAP development. 

In addition to the up-front work with EPA partners to understand their research needs for the upcoming 
year(s), ORD also needs to be flexible enough to address top priority, unanticipated needs or 
environmental crises that emerge at any given time. The research program will describe interactions with 
EPA partners, present examples of recent responsiveness to unexpected events, and explain how they 
work with EPA partners to accommodate acute needs while resources are limited. 

Specific to SSWR: Charge Question 4. How can SSWR streamline model and tool 
development within the program and across other national programs and partners 
to improve utility, interoperability, and accessibility, and what are some ways we can 
measure metrics of success? 

Specific to SSWR: Charge Question 5: What are the unique aspects of resource 
recovery and water reuse that SSWR is best able to address? What research 
products are envisioned to maximize impact? 

Specific to SSWR: Charge Question 6. How SSWR can better translate its research 
products and disseminate such knowledge to a broader community of stakeholders? 

RECOMMENDATIONS 

Charge Question 1. Given the research objectives articulated in the StRAP, are the 
topics and project areas planned and organized appropriately to make good 
progress on these objectives in the 2016-2019 time frame? 

Based on the revised Strategic Action Plan (StRAP), ORD briefings, and additional materials provided to 
the Subcommittee, Table 1 that follows presents the four research program objectives outlined in the 
StRAP and each proposed research project. The Subcommittee has identified the extent to which it 
understands how each research program satisfies a specific research objective. The key used is as follows: 

• “Meets” means the research program is aligned with the research objective and will help accomplish
the objective.

• “Supports” means the research program will likely contribute to the research objective.
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• Where the table is blank, there is no or limited connection between the research program and the
research objectives. A blank space does not indicate a failure or a problem.

The determination is deliverable oriented based on the information provided. That means if the research 
plan says it will help translate a research finding into a real-world solution but does not include a 
deliverable that will actually articulate that objective, then it does not meet the objective. If the 
deliverable clearly demonstrates alignment with the objective, then it is given a "meets." 

Please note that this table simply shows if there are gaps. However, if a research objective does not have 
a "meets" in its column, then one must wonder if the projects and objectives are properly aligned. 
Similarly, if a project does not "meet" any objective and only "supports" one or two objectives, it might 
be a good idea to revisit that project to see if it can be redefined and better aligned. 

Overall, it appears reasonable to expect good progress toward the research objectives in the 2016–2019 
time frame. However, there does not appear to be a research program that meets the second research 
objective. Further, there are some research programs that contribute to only one or two research 
objectives. These weak connections between projects and objectives should be reconsidered. It may be 
an opportunity to redirect the research or reallocate resources to strengthen other programs. 

ORD is to be commended for its efforts to build partnerships with the regions and address needs the 
regions are experiencing. However, for this effort to be successful, more needs to be done. For example, 
each region has a point of contact, a Regional Science Liaison (RSL), with whom ORD works. This person’s 
visibility in the region varies significantly from region to region. In addition, their input appears to be ad 
hoc and based on the specific interest of the person and is not driven by management or job expectations. 
For example, when one RSL was asked for ideas on how to improve the process, the recommendation was 
for the request for feedback to be done at a higher level so the process receives more support from 
management, thus providing responders more time to provide project feedback. The bottom line is that 
a contact person in the region has been identified, but whether that person has the time to engage given 
their other job expectations is unclear. We suggest that this engagement of the RSL’s in developing ORD 
research strategies be strengthened over time. 

The researchers understand details of the research programs better than the Subcommittee members. 
The intent of this feedback is to give researchers an outsider’s perspective so they can review their plans, 
if needed, to accomplish the desired objectives. 

Ideally it would be great to hear the researchers at the next subcommittee meeting explaining what will 
be included in their deliverables that meets a research objective. 
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Table 1 

Research Projects 
Research Program Objectives 

Address Current and Long-Term 
Water Resource Challenges for 

Complex Chemical and 
Microbial Pollutants 

Transform 
the Concept 
of ‘Waste’ to 

‘Resource’ 

Quantify 
Benefits 
of Water 
Quality 

Translate 
Research into 
Real-World 
Solutions 

Watershed Sustainability 
Project 1: Assess, Map and Predict the 
Integrity, Resilience and Recovery 
Potential of the Nation’s Water 
Resources 

Supports9 Supports Supports 

Project 2: Science to Support New or 
Revised Water-Quality Criteria to 
Protect Human Health and Aquatic 
Life 

Supports Supports Supports 

Project 3: Protecting Water while 
Developing Energy and Mineral 
Resources 

Meets Supports Supports 

Project 4: National Water-Quality 
Benefits Supports Meets 

Nutrients 
Project 1: Reducing Impacts of 
Harmful Algal Blooms Meets Supports Supports 

Project 2: Science to Inform the 
Development of Nutrient Thresholds 
and Targeting Actions 

Supports Supports 

Project 3: Science to Improve Nutrient 
Management Practices, Metrics of 
Benefits, Accountability and 
Communication 

Supports Supports Supports 

Green Infrastructure 
Project 1: Green Infrastructure Models 
and Tools Supports Supports Supports 

Project 2: Support Increased Adoption 
of Green Infrastructure into 
Community Stormwater Management 
Plans and Watershed Sustainability 
Goals: Information and Guidance 
through Community Partnerships 

Meets 

Water Systems 
Project 1: Current Systems and 
Regulatory Support Supports Supports 

Project 2: Next Steps—Technology 
Advances Supports 

Project 3: Transformative Approaches 
and Technologies for Water Systems Supports Supports Supports 

............................... 
9 The research program will use tools and techniques that predict impacts with limited understanding of local 
variables and options to effect improvements. As such, it supports the research objective but does not meet it unless 
more local information is incorporated into the predictive tools. 
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Based on information shared during the meeting with the BOSC SSWR Subcommittee, it appears some 
regional input was limited to review and comment on documents after the fact rather than as part of the 
development process. We understand there are limited travel dollars in the regions, but one face-to-face 
meeting per cycle does not seem unreasonable as an approach to more fully engage all the regions and 
to further build a partnership that will improve the value of research performed. 

Charge Question 2. How effective are the approaches for involving the EPA partners 
in the problem formulation stage of research planning? 

It is the opinion of the Subcommittee that there has been effective communication, especially with 
internal partners, in conducting workshops covering the four focus areas, developing and prioritizing 
research projects, soliciting review and comments on charters and effectively responding to comments. 
Communication with outside partners is taking place with organizations such as Global Water Resources 
Coalition and Water Reuse Association and comments were received from the American Water Works 
Association (AWWA). 

• Tracking this effort, potentially in a spreadsheet and providing to the Subcommittee would help
members understanding the communication channels, mechanisms, strategies and their potential
effectiveness.

• Subcommittee recommends further partnering with other national and regional organizations such
as Water Environment Research Foundation, Association of California Water Agencies, California
Association of Sanitation Agencies, etc.

From the provided material, the Subcommittee was not able to identify how progress on the research 
efforts is measured and identification of metrics, either quantitative or qualitative would be useful. 

• The Subcommittee recommends continuing to coordinate research efforts with Science to Achieve
Results (STAR) grants to avoid duplication and potentially identify opportunities to build upon or
support BOSC research efforts.

• Lastly, the Subcommittee acknowledges some post-secondary outreach with existing college
competitions relating to these research charters and recommends that depending on availability of
resources, outreaching efforts should be extended to primary, secondary and post-secondary
education institutions.

Recommendations 

1. EPA should support the assessment of prediction uncertainty in the application of water quality
simulation models.
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Charge Question 3. How well does the Program respond to the needs of EPA 
partners (program office and regional)? 

EPA has done an admirable job of aggregating and developing a 2016–2019 StRAP that addresses some 
of the greatest challenges facing the nation’s water resources. EPA ORD provided several examples to 
demonstrate how the StRAP and the research program in general have engaged with regional offices of 
EPA. In fact, the program is broad that it raises some concerns regarding the feasibility of addressing so 
many diverse aspects of sustainability within the confines of human and fiscal resources. The StRAP draft 
report mentions programs to solicit external collaborators through STAR and Small Business Innovation 
Research (SBIR) programs and foster internal collaborations through Regional Applied Research Effort 
(RARE) and Pathfinder Innovation Projects (PIPs). 

EPA sought external and internal input for its research program agenda. ORD consulted with the Office of 
Water (OW), Office of Policy, ORD labs and centers, and regional offices. In 2012–2015, ORD participated 
in two meetings with the SAB and BOSC and numerous meetings with various EPA offices. These efforts 
led to development of a prioritized list of research needs for the regional offices and for OW. Appendix B 
of the StRAP provides a list of partners and stakeholders from federal, state/local agencies, non- 
governmental organizations (NGOs), and international organizations; however, the depth and breadth of 
input from these organizations is not specified. It is surprising that AWWA is not listed, as this 
organization’s membership includes water utilities that supply more than 80% of the nation’s drinking 
water. It is also difficult to gauge how EPA ensured they were assessing the priority needs of the nation’s 
water suppliers. These agencies are the first line of defense for safe and sustainable water and must meet 
or exceed the standards established by the EPA. Therefore, the EPA is highly recommended to find more 
tangible mechanisms to engage water providers including through formal communications with the 
AWWA. This apparent weakness with respect to integration of outside partners is reflected by a general 
weakness of meeting Objective 4 (translation of research). 

What is a bit surprising in the draft StRAP document is the lack of discussion on large-scale EPA and other 
federal agency programs that seem directly related to EPA priority topics. For instance, the StRAP does 
not mention the EPA’s Endocrine Disruptor Screening Program, which seems to be important in 
discussions of water quality protection from emerging contaminants. The absence of any mention of EPA’s 
efforts on in silico and high-throughput in vitro toxicology is surprising, especially in light of the ever 
growing number of discovered emerging contaminants including disinfection byproducts. The StRAP 
mentioned bioassays, but there was no inclusion of consultation with the National Institutes of Health 
(NIH) nor mention of EPA’s own ToxCast program. While consultations may have occurred, it is important 
for ORD to explicitly discuss how they interact with these large efforts within EPA and beyond. On the 
issue of nonpoint source pollution, there could be much closer linkage between the 319 grants program 
and ORD. At present, research-level analysis of 319 projects is mixed (generally weak) but could be 
strengthened by collaboration between ORD and 319 staff, either by ORD conducting hands-on research, 
or by ORD providing coordination and planning support to assist 319 staff in improving the research 

Recommendations 

1. Further partnering with additional national and regional organizations such as Water Environment
Research Foundation, Association of California Water Agencies, California Association of Sanitation
Agencies, etc.

2. Continue to coordinate research efforts with STAR grants to avoid duplication and potentially
identify opportunities to build upon or support BOSC research efforts.
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elements of their project. The current practices of simply looking for, and broadcasting, “success stories,” 
rather than supporting rigorous analysis of project performance and seeking better science through these 
projects is unfortunate; developing this synergy could be very fruitful and highly valued by cities which 
badly need improved science for storm water management. 

The research projects provided by EPA cover a gamut of topics that are of national need; however, the 
prioritization of issues such as decaying infrastructure, disinfection byproducts, and potable water reuse 
are not entirely transparent. Of particular concern is the lack of transparency as to how the ORD research 
strategy could potentially address data gaps identified through the Contaminant Candidate List (CCL) 
process. For instance, in the last round of the Unregulated Contaminant Monitoring Rule (UCMR), N- 
nitrosodimethylamine (NDMA) was found to be the most widely detected contaminant (EPA 2012) with a 
mean concentration more than 10-times the calculated 1:1,000,000 cancer risk (EPA 2014). While the 
EPA’s research plans may include addressing the technologies and source water protection activities to 
protect against substances like NDMA, these are not transparent within the StRAP draft documents 
provided. The development of analytical methods for emerging contaminants which is explicit in the 
StRAP draft seems like a topic of lesser priority as compared to addressing those contaminants already 
known to existing in U.S. drinking waters at elevated concentrations. Other topics of national priority are 
salt management and distribution system corrosion, both of which seem only tangentially related to ORD’s 
research priorities. The absence of topics that seem paramount to U.S. water utilities is concerning and 
draws into question whether the EPA has adequately interfaced with the nation’s water utilities. Topics 
such as green infrastructure and resource recovery are clearly on the horizon as major topics for study; 
however, it is challenging to imagine fully the rationale for the prioritization scheme used by ORD. 

Specific to SSWR: Charge Question 4. How can SSWR streamline model and tool 
development within the program and across other national programs and partners 
to improve utility, interoperability, and accessibility, and what are some ways we can 
measure metrics of success? 

EPA ORD and OW supported development of a comprehensive set of surface water simulation models 
that, together with models developed with support from other federal agencies (e.g., U.S. Geological 
Survey and U.S. Army Corps of Engineers), have been used to assist water management and planning for 
decades. These models have been constructed and improved over the years, often with a focus on 
addressing specific water quality and quantity issues and stressing “correct” process description. Little 
attention has been directed toward assessing model prediction uncertainty for model users. 

Yet if we consider what the vast literature on decision analysis recommends for how scientific knowledge 
should be presented to best inform decision making, knowledge uncertainty is critically important. Using 
decision analysis as the primary decision support approach for EPA, it is quite clear that EPA needs to 
provide models that permit uncertainty analysis and provide practical guidance to model users on how to 
make best use of model prediction error estimates. 

Unfortunately, most of the EPA water quality/quantity models are over-parameterized, and as a result 
parameter errors (variances) and covariance cannot easily be estimated. This means that application of 
conventional error propagation methods, such as Monte Carlo simulation, may not be meaningful since 
the essential input of a parameter covariance matrix cannot be determined. Approaches such as 
regionalized sensitivity analysis, generalized likelihood uncertainty estimation, and Markov chain Monte 
Carlo analysis should be considered by EPA to partially address this problem. Another option for EPA to 
consider is to support development of a set of simpler models that facilitate comprehensive error 
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propagation; with these models, the complex process-oriented model could provide detailed predictions 
and the simpler model could provide an estimate of prediction uncertainty. Research priorities to improve 
the utility of water models in ORD SSWR could be determined using sensitivity analysis to identify model 
processes/parameters for which research might be expected to yield significant reduction in model 
prediction error, recognizing that any sensitivity analysis is conditional on the model structure and 
parameters. 

Interoperability of models and tools is an important issue for SSWR given EPA’s recognition that water 
management can have major socioeconomic impacts that must be considered in addition to water 
quality/quantity. One approach to interoperability of models and tools is to build a comprehensive model 
that includes and links water and socioeconomic simulations. Unfortunately, the resultant comprehensive 
model can provide major challenges for a comprehensive uncertainty analysis. A suitable alternative is for 
SSWR to stress, in model development guidance, that models be built with consideration of seamless 
integration with other models likely to be linked. 

Models that are developed under the SSWR research program to inform decision making must be 
accessible to potential model users. In the past, EPA has supported short courses for model users; this 
should continue. If the SSWR research program chooses to stress uncertainty analysis in future model 
development, then accessibility must include guidance on the use of uncertainty analysis and the 
interpretation of prediction error for informed decision making. 

Measures of success can be identified at several levels, such as: 

• Number of downloads of each model
• Number of cited applications of each model
• Number of attendees at modeling short courses
• Number of approved Total Maximum Daily Loads based on EPA-supported models

If EPA decides that uncertainty analysis should be a component of water models development in the 
future, then another measure of success is the number of new models developed with this feature. For 
existing water models, a corresponding measure of success could be successful retrofit of an uncertainty 
analysis in these models. 

Numerous improvements and new methods related to software development have occurred over the 
past few years. A web search identified over 14 software development methods, including Agile, DSDM 
(Dynamic System Development Method), object oriented processes, Scrum, and TDD (Test Driven 
Development). Rapid development and deployment of new or updated software has become a major 
focus of highly specialized and qualified staff. We are unaware of EPA’s specific software development 
capabilities but encourage EPA to take advantage of the rapidly developing industry, their methods, and 
the related collaboration tools. 

Going beyond uncertainty analysis, there is a need to reexamine the basic algorithms embedded in many 
water quality models to determine whether they represent biogeochemical processes well, and where 
they do not, to improve them. As an example, the problem of understanding “phosphorus legacies” is 
hampered by the fact that we really don’t understand how phosphorus moves through a watershed, 
accumulates, and leaches to surface waters – and hence can’t model long term responses properly. This 
hampers our efforts to reduce phosphorus loads, especially in agricultural watersheds. 

The Subcommittee also note that while complex models are often needed for regional simulation, 
especially for large water bodies, much simpler models are often needed for local predictions. These types 
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of models—which might be spreadsheet models—could be invaluable to local watershed managers. ORD 
might consider developing these types of models for all of their projects. In fact, one of the most widely 
used water quality models in the world is the simple “Vollenweider-type” model (and its derivatives), a 
one-equation model that predicts phosphorus concentrations in lakes, and from this, water clarity. The 
example provided by Alice Gilliland at the BOSC SSWR workshop about a storm water runoff calculator, 
developed by EPA and geared toward local officials and homeowners, was an excellent example of the 
type of simple model that could be extremely useful. 

Specific to SSWR: Charge Question 5. What are the unique aspects of resource 
recovery and water reuse that SSWR is best able to address? What research 
products are envisioned to maximize impact? 

Over time, the terminology has evolved from Sewage  Wastewater  Resource Water10 which is still at 
an early stage; however, it is a more acceptable terminology to reflect economic benefits for both public 
and private sector investors. In this context, SSWR can help make a fundamental shift from existing 
business model of “treating wastewater for disposal” to “treating resource water for reuse and resource 
recovery.” Today’s technology can provide solutions to treat the resource water to the various levels of 
quality (e.g., for irrigation, potable water), but not always at a realistic cost. The need, however, is to 
educate consumers and public about the true value of resource water (cost effectiveness, cost recovery, 
life cycle analysis, and tools to assess benefits); this should be done on priority basis where water 
availability is an issue. 

EPA’s “2012 Water Reuse Guidelines11” report provides a global perspective of issues and challenges being 
faced in water reuse and resource recovery which by-n-large can be categorized as economic, 
institutional, public perception, and organizational barriers. Similarly, “Water Resources Utility of the 
Future...Blueprint for Action12” provides an extensive list of interventions to make such facilities cost 
effective, energy efficient, environmentally friend, and sustainable. 

Generally, it has been observed that most of the large facilities have resources and are already practicing 
in recovering energy, water, and biosolids at their facilities; hence, EPA should focus on small to medium 
size facilities to reduce dependence on grid electricity through energy efficiency and maximizing digester- 
gas production (and utilization) by co-digesting sludge and organic waste from local communities and 
businesses. This will result in improving public perception, reducing greenhouse gas emissions, and 
offsetting plant’s operations and maintenance expenses to bring financial benefits. The Research, 
Development, and Demonstration (RD&D) focus in such instances should be on developing tools to reduce 
risks of unplanned reuse considering infrastructure needs, local capacities, matching treatment approach 
with reuse application, and overall costs and benefits. Resource recovery facilities should be considered 
as independent business enterprises recovering and marketing water, energy, nutrients (e.g., 
phosphorous from resource water and humic acids from drinking water production), and biosolids along 
with other products of interest. As to the specific roles of SSWR, there are several. First, with respect to 
............................... 
10 Sometimes reclaimed/reused water is misunderstood as resource water. Resource water (wastewater or sewage 
in old terminology) is a complex mixture of water and inorganic and organic solids in the form of inert material, 
ammonium, nitrate, phosphorus, etc. Reclaimed water, on the other hand, is just one of the components of the 
resource water; other extractables may include biogas, biosolids, nutrients, and heavy metals. 
11 “2012 Water Reuse Guidelines”, EPA/600/R-12/618 | September 2012 
(http://nepis.epa.gov/Adobe/PDF/P100FS7K.pdf) 
12 Water Resources Utility of the Future...Blueprint for Action” by National Association of Clean Water Agencies 
(NACWA), the Water Environment Research Foundation (WERF), and the Water Environment Federation (WEF) 
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research on specific technologies, SSWR must consider whether a specific technology is best developed 
within EPA or within the private sector. In general, government research is best focused on emerging 
technologies that can require considerable study before moving into private research and development. 

SSWR plays a vital role in assessing cumulative human health and environmental impacts of contaminants 
in treated resource water, biosolids, etc. This type of research is too complicated for states to undertake 
but is important if we are to avoid unexpected consequences from resource recovery. Similarly, 
accumulation of contaminants and compounds effects of the contaminants on industrial products, 
irrigation system storage, and distribution network and piping should be investigated. 

SSWR should consider recommending that states to develop risk-based guidelines or regulations for 
potable and non-potable reuse; preferably EPA should come up with federal suggested standards or reuse 
regulations to provide a minimum level of protection across the board to increase public confidence. 
Further, SSWR can also help develop a uniform (risk-based) water reuse guideline framework at national 
and regional levels. 

Sometimes existing legislations become a hurdle. For example, reusing raw materials in the drinking water 
process is something that is not supported by policies or regulations. Similarly, another critical knowledge 
gap is absence of a comprehensive technical and economic review of existing and emerging technologies 
which can produce carbon-based and/or non-nutrient products from wastewater or wastewater 
byproducts. 

Summarizing the above brief discussion, SSWR Subcommittee recommends the following. 

Specific to SSWR: Charge Question 6. How SSWR can better translate its research 
products and disseminate such knowledge to a broader community of stakeholders? 

The Subcommittee acknowledges that SSWR has engaged in a number of workshops, webinars, and other 
scientific meetings, and has also issued newsletters relating to its scientific programs, all toward the 
important goals of improving its research planning and ensuring that its programs have a practical effect 

Recommendations 

1. Replace term “wastewater” with “Resource Water”
2. Work / continue working on researching, developing, and demonstrating scalable Resource

Recovery and Water Reuse (RRWR) business models.
3. Determine specific needs for clean water standards – fit-for-purpose – to exploit non-conventional

water supply sources.
4. Collaborate with industry to identify and define high-risk, high-reward RD&D needs, and share the

outcomes with various stake holders.
5. Assess and mitigate risks from RRWR for public health and the environment.
6. Support public and private entities with innovative approaches for the safe reuse of resource

water.
7. Support the professional development of RRWR facilities’ administrators, designers, contractors,

operators, and maintenance personnel by offering workshops, seminars and other opportunities to
advance their knowledge of all aspects of water reuse and resource recovery operations.
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on its many stakeholder communities. Further, it’s RARE13 and RRPP14 programs have been particularly 
effective in reaching out and providing training opportunities to its regional offices. The SSWR, however, 
understands that different audiences require different mechanisms for translating scientific information 
to different audiences and thus seeks advice on ensuring the effectiveness of its translation efforts to 
other audiences. 

The various efforts undertaken by SSWR to convey to stakeholders the results and utility of its research 
programs can be categorized as efforts in communication about risk and risk management. This 
categorization is useful because there exists substantial guidance, some of it from EPA itself, on methods 
of communication on these topics. Efforts of the EPA15 and other agencies on this topic have been heavily 
influenced by a seminal 1989 study from the National Research Council called Improving Risk 
Communication16. We believe SSWR can benefit substantially by consulting this report and the others 
listed below. They offer excellent guidance in the general area of communicating technically complex 
information, and doing so within specific decision contexts. Specifically, the committee draws from this 
body of literature and from its own experience to recommend the following general principles and 
practices. 

1. Risk Communication should always be seen as a dialogue. Once a decision is made to convey
information and possible recommendations regarding its use to potential stakeholders,
representatives of those stakeholders should be contacted to gain a solid understanding of their
interest in the topic and their expectations. That understanding should play a key role in the
communication planning process.

2. Goal setting and planning. SSWR should establish specific goals for each communication effort, taking
into account the interests and expectations of stakeholders. The purpose and utility of the message,
and any constraints on its content, should be explicitly stated and agreed upon within SSWR.

3. The message. Preparation of the message should be a joint undertaking of those having the necessary
technical understanding and those having experience in communication strategies and techniques.
The goal is to develop a message that will be completely clear to the intended stakeholders, according
to their understanding of the work and technical skills, without sacrificing scientific quality17.

4. The delivery. It should be ensured that those charged with delivering the message and with engaging
with stakeholders in other ways should have appropriate credentials and the best possible
communications skills. Whether the delivery is clear and whether those charged with the delivery and
stakeholder engagement have adequate understanding should be tested in advance.

5. The feedback. It is always important to elicit feedback from stakeholders that addresses questions
about the utility, clarity, and effectiveness of the communication effort. A systematic collection and
review of such feedback should be used to inform future communication efforts.

6. Communication under crisis conditions. SSWR should ensure  there  is a trained team  of
communicators ready and able to deliver messages crafted with the extreme care necessary to deal
with crisis situations. Guidance and training from professionals in this area should be sought.

............................... 
13 Regional Applied Research Effort (RARE) - a partnership program that unites Agency researchers with colleagues 
from across the country. 
14 The Regional Research Partnership Program (RRPP aka R2P2) - a program that provides short-term (up to six 
months) training opportunities for regional technical staff at ORD laboratories or centers and work with ORD 
scientists on top regional priorities. 
15 Risk Communication in Action: The Risk Communication Workbook. U.S. Environmental Protection Agency, 2007. 
16 Improving Risk Communication. The National Research Council, 1989. 
17 Environmental Decision Under Uncertainty. The Institute of Medicine, 2013. 
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7. Training. When messages are technically complex and potentially controversial, experts in risk
communication should be consulted for guidance on all steps of the process. Formal training for
selected staff members might also be considered to ensure best practices in communication are
adhered to.

The committee recommends that SSWR: 

1. Develop a list of all the audiences that should  be targets for its communication. Those target
audiences should be categorized with specificity such as:
a. Managers and senior staff or others in regional offices;
b. Various  external  groups,  such  as  utilities,  state  health  departments,  research  organizations

including academics, environmental groups, manufacturers and engineering firms;
c. Affected communities; and
d. Media.

Briefing credible journalists is often an effective way to spread the word. The Agency should consider 
wider use of social media as adjuncts to its communication efforts. 

1. The committee also strongly recommends that target audiences and communication strategies be
identified in the research planning stage. In this way it will become possible to identify resource needs 
and budgets at an early stage. As SSWR has itself stated, research products have little utility unless 
their user communities become totally familiar with their value and limitations. 

SUMMARY LIST OF RECOMMENDATIONS 

Charge Question 1. Given the research objectives articulated in the StRAP, are the 
topics and project areas planned and organized appropriately to make good 
progress on these objectives in the 2016-2019 time frame? 

• Recommendation 1.1: EPA should support the assessment of prediction uncertainty in the application
of water quality simulation models.

Charge Question 2. How effective are the approaches for involving the EPA partners 
in the problem formulation stage of research planning? 

• Recommendation 2.1: Further partnering with additional national and regional organizations such as
Water Environment Research Foundation, Association of California Water Agencies, California
Association of Sanitation Agencies, etc.

Recommendations 

1. Develop a list of all the audiences that should be targets for its communication and categorize
these according to their interest and technical abilities. Target audiences and communication
strategies should be identified in the research planning stage.

2. Depending on availability of resources, outreaching efforts should be extended to primary,
secondary, and post-secondary education institutions.
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• Recommendation 2.2: Continue to coordinate research efforts with STAR grants to avoid duplication
and potentially identify opportunities to build upon or support BOSC research efforts.

Charge Question 3. How well does the Program respond to the needs of EPA 
partners (program office and regional)? 

• None

Specific to SSWR: Charge Question 4. How can SSWR streamline model and tool 
development within the program and across other national programs and partners 
to improve utility, interoperability, and accessibility, and what are some ways we can 
measure metrics of success? 

• None

Specific to SSWR: Charge Question 5. What are the unique aspects of resource 
recovery and water reuse that SSWR is best able to address? What research 
products are envisioned to maximize impact? 

• Recommendation 5.1: Replace term “wastewater” with “Resource Water.”
• Recommendation 5.2: Work / continue working on researching, developing, and demonstrating

scalable Resource Recovery and Water Reuse (RRWR) business models.
• Recommendation 5.2: Determine specific needs for clean water standards – fit-for-purpose – to

exploit non-conventional water supply sources.
• Recommendation 5.3: Assess and mitigate risks from RRWR for public health and the environment.
• Recommendation 5.4: Collaborate with industry to identify and define high-risk, high-reward RD&D

needs, and share the outcomes with various stake holders.
• Recommendation 5.5: Support public and private entities with innovative approaches for the safe

reuse of resource water.
• Recommendation 5.6: Support professional development of RRWR facilities’ administrators,

designers, contractors, operators, and maintenance personnel by offering workshops, seminars and
other opportunities to advance their knowledge of all aspects of water reuse and resource recovery
operations.

Specific to SSWR: Charge Question 6. What are the unique aspects of resource 
recovery and water reuse that SSWR is best able to address? What research 
products are envisioned to maximize impact? 

• Recommendation 6.1: Develop a list of all the audiences that should be targets for its communication
and categorize these according to their interest and technical abilities. Target audiences and
communication strategies should be identified in the research planning stage.

• Recommendation 6.2: Depending on availability of resources, outreaching efforts should be extended
to primary, secondary and post-secondary education institutions.
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