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Improving the Utility of Risk Assessment

The committee’s primary charge was to propose ways to improve risk assessment in the
Environmental Protection Agency (EPA). As described in Chapter 1, we decided to focus on two broad
criteria for improvement. The first criterion for improvement involves the technical content of risk
assessment, which has been addressed in Chapters 4-7. The second concerned opportunities for making
risk assessments more useful for informing risk-management decisions. Risk assessment in EPA is not an
end in itself but a means to develop policies that make the best use of resources to protect the health of the
public and of ecosystems. In Chapter 3, the committee demonstrated the importance of increased attention
to risk-assessment planning and to ensuring that the levels and complexity of risk assessment (their
“design”) are consistent with the goals of decision-making. Increased attention to planning and scoping
and to problem formulation, referred to in EPA guidance for ecologic risk assessment (EPA 1998) and
cumulative risk assessment (EPA 2003), was shown in Chapters 3 and 7 to provide opportunities for
increasing the relevance, and hence the utility, of the products of risk assessment.

Environmental problems arise in many forms, and new ones are always emerging. Some are large
in scope, involving multiple sources of potential harm and many pathways from their sources to the
creation of exposures of large human and ecologic populations. At the other extreme, a problem may
involve a single source of harm and a single pathway of exposure, perhaps of relatively small populations
(of production workers, for example). In some cases, a problem concerns the entire life cycle of a product
or line of products; in others, it may concern approvability of a new pesticide by EPA or of a new food
ingredient by the Food and Drug Administration, both driven by highly specific legislative requirements.
Concerns raised by a community regarding emissions from nearby sources are increasingly common, as
are concerns about the safety of various products moving in international commerce. All those problems
have in common their origins in the environment and their potential to threaten human health or
ecosystems; many involve not only chemicals but biologic, radiologic, and physical agents, and their
potential interactions. The scope of environmental problems is increasingly enlarged to include the search
for methods of resource use and product manufacture that are likely to be more sustainable—a criterion
that includes health and environmental factors but others as well. Moreover, decisions in EPA often
require consideration of difficult questions of costs, benefits, and risk-risk tradeoffs. Much of the
discussion of Chapter 7, for example, revealed the difficulties encountered in current approaches as
attempts are made to apply them to complex problems of cumulative and communitywide risks.

As the complexities of the problems and of needed decisions faced by EPA increase, so do the
challenges to risk assessment to provide evaluations of clear relevance to the questions posed. That
means, of course, that the questions posed to risk assessors must be both relevant to the problems and
decisions faced and sufficiently comprehensive to ensure that the best available options for managing
risks are given due consideration. This chapter provides guidance on the development and application of
questions, methods, and decision processes to enhance the utility of risk assessment; although many
elements of the guidance are applicable in the near term, our emphasis is on the longer-term future.
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BEYOND THE RED BOOK

The model described in Risk Assessment in the Federal Government: Managing the Process
(NRC 1983), referred to as the Red Book, was discussed in Chapters 1 and 2; in this model, risk
assessment occupies a place between research and risk management. Risk assessment is seen as a
framework' within which complex and often inconsistent, and always incomplete, research information is
interpreted and put into usable form for risk managers. The Red Book committee was concerned
principally with defining risk assessment and identifying the steps necessary to complete an assessment. It
was also concerned with ensuring that risk characterization (the fourth and final step) is faithful to the
underlying science and its uncertainties. Finally, and perhaps most important, the committee was
concerned with protecting risk assessments from the inappropriate intrusions of policy-makers and other
stakeholders, and from that concern came recommendations for the conceptual separation of assessment
and management and for the development of risk-assessment guidelines and the elucidation and selection
of “inference options™ (defaults; see Chapters 2 and 6). Those and other recommendations of the Red
Book have served for 25 years as sources of clarity and guidance for regulatory and public-health officials
throughout the world and for stakeholders of many types.

The present committee supports retention and advancement of the major recommendations of the
Red Book as they pertain to definitions, the content of risk assessment, the need for guidelines and
defaults, and the conceptual separation of assessment from management. Many of our recommendations
advance those aspects of the recommendations in the Red Book (and the National Research Council’s
1994 report Science and Judgment in Risk Assessment).

To the extent that risk assessment is perceived as becoming less relevant to many important
decisions or as contributing to protracted scientific debate and regulatory gridlock, that perception may
result from interpretations of the Red Book that take the conceptual distinctions and separations as
representing the committee’s guide to a preferred decision-making process. In fact, the Red Book’s
concern with “process” focused heavily on protecting the integrity of risk assessment, and the committee
offered little discussion of how all the necessary elements of decision-making should be arranged to
achieve good decisions. That committee did not discuss the process whereby risk assessment might
achieve maximum relevance, how it might be tailored in scientific depth to match the decision-making
context, or how various stakeholders might influence the question of specifically what risk assessment
should focus on in specific decision contexts. Those were not central issues for the Red Book committee.
They clearly are issues for today in the evolution of risk assessment.

A DECISION-MAKING FRAMEWORK THAT MAXIMIZES
THE UTILITY OF RISK ASSESSMENT

To ensure that risk assessments are maximally useful for risk-management decisions, the
questions that risk assessments need to address must be raised before risk assessment is conducted and
may need to be different from the questions that risk assessors have traditionally been tasked with
answering. The more complex and multifaceted the problem to be dealt with, the more important the need
to operate in that fashion. As noted in the previous section, the Red Book framework was not oriented to
identifying the optimal process for complex decision-making but rather to ensuring the conceptual
separation of risk assessment and risk management. A framework for risk-based decision-making (Figure
8-1, “the framework™) is proposed here to provide the guidance that was missing from the Red Book. Its
principal purpose, in the context of the present report, is to ensure that risk assessment is maximally
useful for decision-making; as noted, this would fulfill the second of our two criteria for improving risk

'"The term framework as used here refers to the entire decision process, of which risk assessment is one element.
Risk assessment has its own framework, as described in Chapters 1 and 2 and the Red Book.
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PHASE I: PHASE II:
PROBLEM FORMULATION PLANNING AND CONDUCT
AND SCOPING OF RISK ASSESSMENT

PHASE III:
RISK MANAGEMENT

Stage 1: Planning

-l * For the given decision-context, what are the attributes of assessments necessary to characterize risks
of existing conditions and the effects on risk of proposed options? What level of uncertainty and

variability analysis is appropriate?

* What problem(s) are
associated with existing
environmental conditions?

« What are the relative health or
environmental benefits of the
Stage 2: Risk Assessment proposed options?

« If existing conditions appear « How are other decision-

[c:Ei‘:ii‘;‘c}:‘tﬁ[}::;]‘:;'n\?;;r * Hazard Identification making factors (technologies,
options exist for altering those What adverse health or environmental effects coils) alsfcclcd by the proposed
conditions? are associated with the agents of concern? options?
* What is the decision, and its

. ive * Dose-Response Assessmen o T T -
C(I;::de: ‘h;i':,esrll gre]fi‘:;:;]ncr ose-Response Assessment justification, in light of benefits,

ext, what ri: . o . cos certainties in each?
technical assessments are For each determining adverse effect, what is the « Risk Characterization costs, and uncertainties in each?

relationship between dose and the probability of the : L

necessary o evaluate the occurrence of the adverse effects in the range of What is the nature and How should the decision be

possible risk management communicated?

o doses identified in the exposure assessment? magnitude of risk associated with
options? ting conditions? .
existing « Is it necessary to evaluate the
t—’ . . oo
A What risk decreases (benefits) are effectiveness of the decision?
associated with each of the If i
. » o o) « If so, how should this be done?
Exposure Assessment options?

What exposures/doses are incurred by each
population of interest under existing conditions?

Are any risks increased? What are 4 4

the significant uncertainties?

How does each option affect existing conditions and
resulting exposures/doses?

Stage 3: Confirmation of Utility

* Does the assessment have the attributes called for in planning?

NO planning YES
* Does the provide sufficient information to discriminate among risk
options?

* Has the assessment been satisfactorily peer reviewed?

v ¢ v

FORMAL PROVISIONS FOR INTERNAL AND EXTERNAL STAKEHOLDER INVOLVEMENT AT ALL STAGES

 The involvement of decision-makers, technical specialists, and other stakeholders in all phases of the processes leading to decisions should in no way compromise the technical assessment of risk, which is
carried out under its own standards and guidelines.

FIGURE 8-1 A framework for risk-based decision-making that maximizes the utility of risk assessment.

assessment. The framework is also intended to ensure that the methodologic changes recommended in
Chapters 4-7 are put to the best use, given the repeated emphasis on analytic efforts that are appropriate to
decision-making in scope and content. We offer some background on the framework in this section and
then describe it more fully in the next section.

Perhaps the easiest way to explain the basic difference between the framework and the traditional
assessment-management relationship is to look first at the beginnings and ends of each process. We start
with an assumption that in either model no analysis would be done and no decision would be needed
unless some “signal” of potential harm had come to EPA’s attention. The signal can arrive in many forms,
but it would generally involve a set of environmental conditions that appear to pose a threat to human or
environmental health. The traditional process receives that signal and begins immediately with the
question, What are the probability and consequence of one or more adverse health (or ecologic) effects
posed by the signal? The framework (in Figure 8-1), in contrast, receives the signal and asks, What
options are there to reduce the hazards or exposures that have been identified, and how can risk
assessments be used to evaluate the merits of the various options?

Beginning the inquiry with the latter type of question immediately focuses attention on the
options for dealing with a potential problem—the risk-management options. The options are often
thought of as possible inferventions—actions designed both to provide adequate public-health and
environmental protection and to satisfy the criterion of well-supported decision-making. We note that, in
most cases, “no intervention required” is one of the options to be considered explicitly.
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In the framework, the questions to be posed for risk assessment arise from early consideration of
the types of assessments needed to judge the relative merits of the options considered. By examining both
the options and the types of assessments available, one may expand the scope of the options considered to
embrace other possible interventions. Risk management involves choosing among the options after the
appropriate assessments have been undertaken and evaluated. Assessments of relevant risk-management
factors other than risk—such as costs, technical feasibility, and other possible benefits—also require early
planning.

Risk assessment, in the framework of Figure 8-1, would typically be asked to examine risks
associated with the “no intervention” option in addition to examining risk reductions (and possible
increases) associated with each of the proposed interventions. Questions arising from consideration of
options need to be well formulated (including a sufficient precision and breadth of issues) to ensure that
important risk issues are not inadvertently overlooked; this requires that the array of options not be
unnecessarily restricted.

As emphasized in Chapter 3 and elsewhere, without early and careful consideration of the
decision-context, risk assessors cannot identify the types of assessments and the required level of their
scientific depth necessary to support decisions (or, indeed, whether risk assessment is even the
appropriate decision support tool, as shown in Figure 3-1). Without such a well-defined context,
assessments will often lack well-defined stopping points and may yield ancillary analyses (for example,
highly detailed quantitative uncertainty analyses) that are not essential for the decision at hand,
prolonging the decision process unnecessarily (Chapter 4). By focusing on early and careful problem
formulation and on the options for managing the problem, implementation of the framework can do much
to improve the utility of risk assessment. Indeed, without such a framework, risk assessments may be
addressing the wrong questions and yielding results that fail to address the needs of risk managers.

The framework is based on a re-examination of one of the misinterpretations of the Red Book—
that assessors should be shielded from the specific decision-making issues that their analyses are intended
to support. Instead, it asserts that risk assessment is of little usefulness, and can even waste resources, if it
is not oriented to help discriminate among risk-management options that have to be informed by risk (and
often nonrisk) considerations. More important, the framework should ensure that decisions themselves
will be improved if risk-assessment information is presented to demonstrate how it affects the worth of
competing choices, not for how it sheds light on an isolated substance or “problem”. To be clear, the
framework maintains the conceptual distinction between risk assessment and risk management articulated
in the Red Book, and it remains intent on not allowing the manipulation of risk-assessment calculations to
support predetermined policy choices. The conduct of risk assessments used to evaluate the risk
management options are in no way to be influenced by the preferences of risk managers.

The framework is based on a re-examination of one of the misinterpretations of the Red Book—
that assessors should be shielded from the specific decision-making issues that their analyses are intended
to support. Instead, it asserts that risk assessment is of little usefulness, and can even waste resources, if it
is not oriented to help discriminate among risk-management options that have to be informed by risk (and
often nonrisk) considerations. More important, the framework should ensure that decisions themselves
will be improved if risk-assessment information is presented to demonstrate how it affects the worth of
competing choices, not for how it sheds light on an isolated substance or “problem”. To be clear, the
framework maintains the conceptual distinction between risk assessment and risk management articulated
in the Red Book, and it remains intent on not allowing the manipulation of risk-assessment calculations to
support predetermined policy choices. The conduct of risk assessments used to evaluate the risk
management options are in no way to be influenced by the preferences of risk managers.

The proposed decision-making framework resembles the well-known decision-analytic process
that has been used in diverse fields for many decades (Raiffa 1968; Weinstein et al. 1980; Lave and
Omenn 1986; Lave et al. 1988; Clemen 1991), in which the utility of various concrete policy options is
evaluated according to the benefits that each provides. Similarly, the need to ensure that the full range of
policy options is considered for the analysis has been emphasized by others including Finkel (2003);
Hattis and Goble (2003); and Ashford and Caldart (2008). The committee also recognizes that numerous
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previous reports and guidance documents, and EPA practice in some settings, have anticipated this
framework to some extent. For example, Science and Judgment in Risk Assessment (NRC 1994)
emphasized that “risk assessment is a tool, not an end in itself”’, and recommended that resources be
focused on obtaining information that “helps risk managers to choose the best possible course of action
among the available options”. The 1996 National Research Council report Understanding Risk: Informing
Decisions in a Democratic Society (NRC 1996) emphasized that “risk characterization should be a
decision driven activity, to inform choices in solving problems". The latter report also called for attention
to problem formulation, with an explicit options-selection step, and representation of interested and
affected parties from the earliest stages of the process. The framework also builds on but goes beyond the
recommendations of the 1997 Presidential/Congressional Commission on Risk Assessment and Risk
Management report (PCCRARM 1997) that called for a six-stage risk-management framework: formulate
the problem in broad context, analyze the risks, define the options, make sound decisions, take actions to
implement the decisions, and perform an evaluation of the effectiveness of the actions taken. Yet another
National Research Council report, Estimating the Public Health Benefits of Proposed Air Pollution
Regulations (NRC 2002), focused on evaluating the benefits of air pollution regulations and emphasized
that EPA should evaluate multiple regulatory options in any benefit-cost analysis to make best use of the
insights available through quantitative risk assessment. However, none of those recommendations to
think more systematically about risk-management options moves consideration of options to the
beginning of the assessment process in EPA, which is the key procedural change that we recommend. As
articulated in more detail below, the present committee views the framework as a step beyond previous
proposals and current practice—one that can possibly meet multiple objectives:

e Systematically identify problems and options that risk assessors should evaluate at the earliest
stages of decision-making.

e Expand the range of effects assessed beyond individual end points (for example, cancer,
respiratory problems, and individual species) to include broader questions of health status and ecosystem
protection.

e (Create opportunities to integrate regulatory policy with other decision-making options and
strategies that expand environmental protection (for example, economic incentives, public-private
partnerships, energy and other resource efficiencies, material substitution, public awareness, and product-
stewardship programs).

o Serve the needs of a greatly expanded number of decision-makers (for example, government
agencies, private companies, consumers, and various stakeholder organizations) whose individual and
institutional roles in environmental decision-making continue to expand.

e Increase understanding of the strengths and limitations of risk assessment by decision-makers
at all levels.

We expand on some of those objectives in later sections. First, we present the framework and
discuss its key elements.

THE FRAMEWORK: AN OVERVIEW

Three broad phases of the framework are evident in Figure 8-1: enhanced problem formulation
and scoping, planning and conduct of risk assessment, and risk management. Risk assessment and other
technical and cost assessments necessary to evaluate risk-management options are carried out in the
assessment phase of the process, although Figure 8-1 focuses on the planning and conduct of risk
assessment given the charge of this committee. It is critical that those assessments be undertaken with
assurance of their scientific integrity; technical guidelines are necessary to achieve this end, as are
procedures to ensure they are followed. At the same time, it is important to recognize that risk
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assessments and other technical assessments are not undertaken simply because research data are
available and assessments are possible; they are undertaken, in the proposed framework, only when the
reasons for them are understood and the necessary level of their technical detail has been clarified.

The utility of assessments will be enhanced if they are undertaken within the framework. The
framework will have particular importance given the potential complexity of our proposed unified
approach for dose-response assessment (Chapter 5) or methods for cumulative risk assessment of
chemical and nonchemical stressors (Chapter 7), in that it emphasizes that these methodologic advances
should not occur in a vacuum and are most valuable if they are clearly linked to and can inform risk-
management decisions.

We emphasize that our promotion of the framework is focused on improving the utility of risk
assessment to support better decision-making. As noted earlier, the framework is intended to provide
guidance that was not provided by the Red Book.

Elements of the Framework: A Process Map
In this section, we outline the content of each of the elements of the framework. Each element
involves a set of discrete activities, which are briefly suggested in Figure 8-1 and more fully described in
Boxes 8-1 through 8-5. Some of the institutional issues associated with implementation of the framework
are described in Chapter 9.
Scope of the Framework and Definitions of Key Terms
The framework is intended for broad applicability, as can be discerned from the definitions (see

Box 8-1) of terms used to describe activities in the elements of the framework.

Phase I. PROBLEM FORMULATION AND SCOPING

Two types of activities are associated with Phase I of the risk-based decision-making framework
(Figure 8-1): problem formulation and the simultaneous (and recursive) identification of risk-management
options and identification of the types of technical analyses, including risk assessments, that will be
necessary to evaluate and discriminate among the options. The expected contents of Phase I are outlined
in Box 8-2, as a series of questions to be pursued.’

Agency decisions related to premarket product approvals (for example, for new pesticides)
depend on long-established requirements for toxicology and exposure data, and there are also well-
established guidelines for risk assessments and criteria for premarket approvability. Those well-
established requirements can be said to constitute Phase I planning for this type of decision-making, and
the committee sees no need to alter the existing arrangement; but we do note that the proposed framework
of Figure 8-1 accommodates this specific category of regulatory decision-making.

Phase II. PLANNING AND CONDUCT OF ASSESSMENT

Risk assessments designed to evaluate the risk-management options set out in Phase I are
undertaken during Phase II. Phase Il consists of three stages; planning, assessment, and confirmation of
the utility of the assessment (see Box 8-3).

’The committee acknowledges that there may be cases following completion of appropriate problem formulation
and scoping in which it is determined that risk assessment is not needed.
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BOX 8-1 Key Definitions Used in the Framework for Risk-Based Decision-Making

PROBLEM: Any environmental condition (a method of product manufacture, residence near a manufacturing
facility, exposure to a consumer product, occupational exposure to a pesticide, exposure of fish to
manufacturing effluents, a transboundary or global environmental challenge, and so on) that is suspected to
pose a threat to human or ecosystem health. It is assumed that early screening-level risk assessments may
sometimes be used to identify problems or to eliminate concerns.

RISK-MANAGEMENT OPTION: Any intervention (a change of manufacturing process, imposition of an
environmental standard, the development of warnings, use of economic incentives, voluntary initiatives, and so
on) that may alter the environmental condition, reduce the suspected threat, and perhaps provide ancillary
benefits. Any given problem may have several possible risk-management options. In most cases, ‘“no
intervention” will be one of the options.

LIFE-CYCLE ANALYSIS: A formal process for evaluating and managing problems associated with each
stage of a product’s manufacture, distribution, uses, and disposal. It includes problems as defined above and
can include evaluations of such issues as resource use and sustainability.

POPULATION: Any group of general or occupational populations or populations of nonhuman organisms.

AGENT: Any chemical (including pharmaceuticals and nutrients), biologic, radiologic, or other physical
entity.

MEDIA: Air, water, food, soils, or substances having direct contact with the body.

RISK SCENARIO: A combination of agents, media, and populations in which risks to human or ecosystem
health can arise.

BENEFITS: The changes (positive or negative) in health and environmental attributes that are associated with
an intervention. Typically, a risk assessment will estimate the number of cases of disease, injury, or death
associated with a problem—which is equivalent to the benefits of eliminating the problem. Any intervention
that reduces risk without eliminating it will have benefits estimated by the difference between the status quo
and the risks remaining after the intervention.

STAKEHOLDER: Any individual or organization that may be affected by the identified problem (defined
above). Stakeholders may include community groups, environmental organizations, academics, industry,
consumers, and government agencies.

BOX 8-2 Phase I of the Framework for Risk-Based Decision-Making
(Problem Formulation And Scoping)

Identification of Risk-Management Options and Required Assessments

a. What is the problem to be investigated, and what is its source?

b. What are the possible opportunities for managing risks associated with the problem? Has a full array
of possible options been considered, including legislative requirements?

c. What types of risk assessments and other technical and cost assessments are necessary to evaluate
existing conditions and how the various risk-management options alter the conditions?

d. What impacts other than health and ecosystem threats will be considered?

e. How can the assessments be used to support decisions?

f.  What is the required timeframe for completion of assessments?

g.  What resources are needed to undertake the assessments?
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BOX 8-3 Phase II of the Framework for Risk-Based Decision-Making
(Planning And Conduct of Risk Assessment)

Stage 1: Planning for Risk Assessment

a. What are the goals of the required risk assessments?

b. What specific risk scenarios (agents, media, and populations, including possible consideration of
background exposures and cumulative risks) are to be investigated?

c. What scenarios are associated with existing conditions and with conditions after application of each
of the possible risk-management options, and how should they be evaluated?

d. What is the required level of risk quantification and uncertainty/variability analysis?

e. Will life-cycle impacts be considered?

f.  Are there critical data gaps that prevent completion of the required assessment? If so, what should
be done?

g. How are the risk assessments informed by the other technical analyses of options (technical
feasibility, costs, and so on)? How will communication with other analysts be ensured?

h. What processes should be in place to ensure that the risk assessments are carried out efficiently and
with assurance of their relevance to the decision-making strategy, including time requirements?

i.  What procedures are in place to ensure that risk assessments are conducted in accordance with
applicable guidelines?

j- What are the necessary levels and timing of peer review?

Stage 2: Risk Assessment

a. Hazard Identification:
e  What adverse health or environmental effects are associated with each of the agents
of potential interest?
e  What is the weight of scientific evidence supporting the classification of each effect?
e  What adverse effects are the likely risk determinants?

b.  Exposure Assessment:
e  For the agents under study, what exposures and resulting doses are incurred by each relevant
population under existing conditions?
e  What do the technical analyses (Box 8-4) reveal about how existing conditions and resulting
exposures/doses would be altered by each proposed risk-management option?

c.  Dose-Response Assessment:
e  For each determining adverse effect, what is the relationship between dose and the probability
of the occurrence of the adverse effect in the dose region identified in the exposure assessment?

d. Risk Characterization:
e  For each population, what is the nature and magnitude of risk associated with existing

conditions?

e  How are risks altered by each risk management option (both decreases and increases)?
e  What is the distribution of individual risks in the population and subpopulations of concern, and
what is the distribution of benefits under each option?
e Considering the weight-of-evidence classification of hazards, the dose-response assessment, and
the exposure assessment, what degree of scientific confidence is associated with the risk
characterization?
e  What are the important uncertainties, and how are they likely to affect the risk results?

Stage 3: Confirmation of the Utility of the Risk Assessment

e Does the assessment have the attributes called for in planning?

e Does the assessment provide sufficient information to discriminate among risk-management
options?

e Has the assessment been satisfactorily peer-reviewed, and have all peer-reviewer comments
been explicitly addressed?
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BOX 8-4 Other Technical Analyses Necessary for the Framework for Risk-Based Decision-Making

e How does each of the proposed risk-management options alter existing conditions, and with what
degree of certainty?

e Are there important impacts other than those directly affecting existing conditions (as revealed, for
example, by life-cycle analysis)?

e What costs are associated with no intervention to alter existing conditions and with each of the
proposed risk-management options?

e What are the uncertainties in the cost assessments and the variabilities in the distribution of costs?
e Do the assessments conform to the requirements set forth in the planning phase?

BOX 8-5 Elements of Phase III of the Framework for Risk-Based Decision-Making
(Risk Management)

Analysis of Risk-Management Options

e What are the relevant health or environmental benefits of the proposed risk-management options?
How are other decision-making factors (technologies, costs) affected by the proposed options?

e Isitindicated, with a sufficient degree of certainty given the preference of risk managers, that any of
the options are preferred to a “no intervention” strategy?

e What criteria are used to assess the relative merits of the proposed options (for example, does the risk
manager consider population benefits, reductions below a predefined de miminis level, or equity
considerations)?

Risk-Management Decisions

e What is the preferred risk-management decision?

o s the proposed decision scientifically, economically, and legally justified?

e How will it be implemented?

e How will it be communicated?

e Is it necessary to evaluate the effectiveness of the decision? How should this be done?

The first stage of Phase II involves the development of a careful set of plans for the necessary risk
assessments. Risk assessments should not be conducted unless it is clear that they are designed to answer
specific questions, and that the level of technical detail and uncertainty and variability analysis is
appropriate to the decision context. Such attention to planning should ensure the most efficient use of
resources and the relevance of the risk assessment to decision-makers. The typical questions addressed
during the risk assessment planning process are set out in Box 8-3, Stage 1 (Planning).

Other technical analyses are typically required to evaluate how specific interventions will alter
existing conditions; the information developed through such technical analyses (see Box 8-4) must be
communicated to risk assessors, so that the effects of these interventions on risk can be evaluated.

Once the planning has been completed, risk assessments are conducted (Phase II, Stage 2). Risk
assessments are conducted under agency guidelines. The guidelines should include defaults and explicit
criteria for departures from defaults with other elements recommended in the present report, including
those related to uncertainty assessment, unification of cancer and noncancer dose-response methods, and
cumulative or community-based risk assessment (Chapters 4-7).
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Once risk assessments have been completed, the framework calls for an evaluation of the utility
of what has been produced (Stage 3 of Phase II). Thus, an evaluation of whether the assessments have the
attributes called for in planning, and of whether they allow discrimination among the risk management
options, is necessary to determine whether they are useful for decision-making. If the assessments are not
determined to be adequate given the problem formulation and risk-management options, the framework
calls for a return to the planning stage. If they are adequate, Phase III of the framework is entered.

Phase 11II. RISK MANAGEMENT

In Phase III of the framework, the relative health or environmental benefits of the proposed risk-
management options are evaluated, as are other factors relevant to decisions. Legislative requirements are
also critical to the decision process.

The purpose of Phase II1 is to reach decisions, fully informed by the risk assessments. A
justification for the decision, with full elucidation of the roles played by the risk information, and other
pertinent factors, should be offered. A discussion of how uncertainties in all of the information used to
develop decisions influenced those decisions is essential. Some of the questions that are central to risk
management are set out in Box §-5.

Stakeholder Involvement

A critical feature of the framework is related to stakeholder involvement. A continuing theme in
earlier National Research Council and other expert reports on risk assessment, and loudly echoed in
opinions offered to the present committee by many commenters, concerns the consistent failure to involve
stakeholders adequately throughout the decision process. Without such involvement, the committee sees
no way to ensure that the decision process will be satisfactory; indeed, without such involvement, it is
inevitably deficient.

Figure 8-1 emphasizes that point through the box on the bottom, which spans all three phases. In
addition, the two-headed arrows are meant to represent the fact that adequate communication among
analysts and stakeholders, which is necessarily two-way, is critical to ensure efficiency and relevance of
the analyses undertaken to support decisions. Adequate stakeholder involvement and communication
among those involved in the policy and technical evaluations are difficult to achieve, but they are
necessary for success. It is time that formal processes be established to ensure implementation of effective
stakeholder participation in all stages of risk assessment.

For any given problem that requires EPA action, there are certain to be a number of affected
parties seeking to influence the agency’s course. Some stakeholders may wish to ensure that particular
problems come to the attention of the agency and that their formulations be adequate. Others will hope
that the agency consider various possible management options, sometimes including options that have not
traditionally been part of regulatory thinking. Still others will have proposals that they believe will
improve the scientific strength of agency risk assessments. And, of course, many parties will seek to
influence ultimate decisions.

For cases in which agency actions will lead to regulations, formal procedural requirements are in
place to allow members of the public to offer comments on proposed regulations. That type of stakeholder
involvement in agency activities is obviously important, but it is insufficient in that it applies only to
formal rule-making and typically comes only at the end of the process of decision-making. The present
committee, like several that have come before it (Chapter 2), recommends that EPA make formal a
process for gathering stakeholder views in each of the three broad phases of decision-making depicted in
Figure 8-1; conflicts of interest will need to be considered in this process. It is critical that time limits for
stakeholder involvement be well defined so that decision-making schedules can be met. In addition,
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effective stakeholder participation must consider incentives to allow for balanced participation including
impacted communities and less advantaged stakeholders.

ADDITIONAL IMPROVEMENTS OFFERED BY THE FRAMEWORK

Operating under the framework can lead to improvements in the technical aspects of analysis
(including economics and other nonrisk components) and can help to improve the basic research
supporting risk assessment by allowing formal or informal value-of-information considerations (Chapter
3). But the major advances that the framework can bring about involve improving the quality of risk-
based decision-making by raising the expectations for what risk assessments can provide. The framework
could address the frustration among some that the current system channels substantial energy toward
dissecting and comparing problems rather than advancing decisions that deal with problems. Other
important advantages of the framework include the following:

1. It augments and complements related trends in risk-assessment practice. As described in
Chapters 3 and 7, there is a need to design risk assessments to better inform the technical aspects of risk
assessment and the ultimate decision context. EPA’s Framework for Cumulative Risk Assessment (EPA
2003) and Guidelines for Ecological Risk Assessment (EPA 1998) endorse this approach and emphasize
that it would be impossible to determine the appropriate scope or level of resolution of an assessment in
the absence of the risk-management context. The framework takes the planning stage one step further by
embedding the development of risk-management options as a formal step before the planning of the
assessment, thereby encouraging the development of risk assessments that adequately capture important
tradeoffs and cross-media exposures. In addition, the methodologic developments proposed in Chapter 5
and elsewhere are meant in part to provide greater insight for risk managers regarding the health-risk
implications of specific management decisions, feeding directly into the proposed framework. A related
trend involves the growth of life-cycle assessment, which includes many aspects of risk assessment but
also evaluates a broader array of issues related to energy use, water consumption, and other characteristics
of technologies, industrial processes, and products that determine their propensity to consume natural
resources or to generate pollution. The term /ife cycle refers to the need to include all stages of a business
process—raw-material extraction, manufacturing, distribution, use, and disposal, including all intervening
transportation steps—to provide a balanced and objective assessment of alternatives. A critical
component in the planning of a life-cycle assessment is the “functional-unit determination”, in which
various alternatives are compared on the basis of their ability to achieve a desired end point (for example,
generation of a kilowatt-hour of electricity). The approach emphasizes the need to understand the
objectives of the process or product under study, broaden the scope, and bring novel approaches and risk-
management options to the forefront, including considering pollution prevention efforts. The framework
builds on those important trends and emphasizes that risk assessments should be designed to provide risk
managers with the necessary information to discriminate among risk-management options and that life-
cycle and functional-unit thinking (if not analysis itself) will facilitate the development of a wide array of
options.

2. It makes it easier to discern “locally optimal” decisions. The framework helps to identify
locally optimal decisions (for example, choices among strategies to reduce risks posed by a given
compound) by making it more difficult to make the fundamental mathematical error of averaging the
predictions of incompatible models together. If, for example, there is a default estimate (including
parameter uncertainty, perhaps, but small with respect to the model uncertainty) that predicts a risk X for
a particular substance and a credible alternative model (with expert weight 1 - p assigned to it) that posits
that the risk is zero, there is a temptation to declare that the “best estimate” of the risk is pX. In the
traditional paradigm, if the risk assessment reports that the “best estimate” is pX, a decision-maker might
be inclined to regulate as though the baseline risk is exactly pX. Following the framework in Figure 8-1
would bring the options to the fore and emphasize to all stakeholders that key uncertainties might imply
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that different options would be chosen, depending on key risk-assessment assumptions. In this setting, the
risk characterization would more likely take the form of the statement “there is a probability p that the
risk is X, in which case option B is preferred, and a probability 1 - p that the risk is zero, in which case
option C is preferred.” Thus, operating with the framework can sometimes help to avoid confusing
“expected-value decision-making” (a coherent although ethically controversial approach) with “decision-
making by expected value” (an incorrect and precarious approach—see Box 4-5). Careful consideration
of uncertainty is not precluded by the conventional framework, but the framework in Figure 8-1 helps to
determine the degree to which key uncertainties influence decisions among risk-management options and
orients the risk assessor and other stakeholders around such questions about uncertainty.

3. It makes it easier to identify and move toward “globally optimal” decisions. More broadly,
the framework opens the prospect of moving beyond a choice among strategies to deal with a single
substance to the development, evaluation, and selection of alternative strategies to fulfill the function with
minimum net risk. As implied by the functional-unit definition above, this involves expanding the lens of
current environmental decision-making from primarily a single-issue and incremental-risk focus to
address issues of comparative and cumulative risk, benefits and costs, life-cycle risks, technologic
innovation and public values. We believe that questions about the risks posed by industrial processes can
often be answered better by considering risk-risk tradeoffs and evaluating risk-management options than
by studying risks in isolation from the feasible means of control. Although the expanded scope may
exceed the bounds of EPA decision-making (either in a practical sense, given current regulations, or in a
theoretical sense, given the agency’s jurisdiction), functional-unit thinking will help to avoid considering
only local optima that represent the peaks within a valley, will encourage the development of agencywide
initiatives and strategies, and will encourage EPA to cooperate with other federal agencies (and vice
versa) to work on more sweeping interventions that increase efficiency and minimize untoward risk-risk
tradeoffs. In short, the framework would allow EPA to compare options with appropriate use of
knowledge about uncertainty and would allow it to broaden (within reason) the set of options under
consideration.

4. It can provide the opportunity for improved public participation. The framework can broaden
the focus of inquiry from studying the risk—which may be dominated by highly technical discussions of
potency, fate and transport, mode of action, and so on—to developing and evaluating alternative
interventions, which should be a more accessible and interesting arena for affected stakeholders to
participate in. Stakeholders (such as local communities) may also bring particular knowledge about the
benefits, costs, and implementation of risk-management options to a discussion. The process would
recognize the roles, relationships, and capabilities of government and nongovernment decision-makers
and would ensure that risk assessments serve their needs. The committee recognizes that effective
implementation of the framework in many cases will not be possible without the involvement of other
governmental agencies and other organizations.

5. It would make economics and risk-risk tradeoffs more central in the analysis. Although many
regulatory, legislative, and logistical constraints complicate the simultaneous consideration of costs of
control and benefits, the framework would, where applicable and feasible, encourage the use of similar
methods between disciplines (such as the explicit incorporation of uncertainty and variability and the
development of default assumptions and criteria for departure in economic analyses) and would spur
collaboration between risk assessors and regulatory economists. As articulated above, the framework
would also make consideration of potential risk-risk tradeoffs central in the assessment, inasmuch as the
initial planning and scoping steps and the development of risk-management options under study would
lead to an explicit discussion of the array of exposures that could be influenced by each option.

In Appendix F, the committee presents three case examples to demonstrate how the usefulness of
risk asse}ssments might be enhanced by implementation of the framework for risk-based decision-
making.

3The three case examples in Appendix F address electricity generation, decision support for drinking-water
systems, and control of methylene chloride exposure in the workplace and general environment. These are stylized

232 Prepublication Copy

Copyright © National Academy of Sciences. All rights reserved.



Science and Decisions: Advancing Risk Assessment
http://lwww.nap.edu/catalog/12209.html

Improving the Utility of Risk Assessment

POTENTIAL CONCERNS RAISED BY THE FRAMEWORK

The framework has many desirable attributes that can allow risk assessment to be maximally
informative for decision-making, but various concerns could be raised about it. Some of the concerns are
misconceptions, and others are legitimate issues that would need to be addressed. We discuss various
critiques and consider their potential implications below.

Concern 1: There are many contexts in which EPA is constrained to a narrow set of options by the
structure of regulations or in which it is unclear at the outset whether a problem is of sufficient magnitude
to require an intervention or whether a potential intervention exists, so the framework may waste effort in
producing needless evaluations.

This concern has some legitimacy, but the framework does not preclude risk assessment solely to
determine the potential magnitude of a problem or to compare the impacts of options within a severely
constrained solution set. As to the former, the framework is intended to keep one eye continually on
problems and one on interventions, and choosing between one and the other is a false dichotomy. The
committee believes that the current use of risk assessment has disproportionately emphasized dissecting
risks rather than implementing possible interventions, but the pendulum does not need to (and should not)
swing past a middle ground. As to the latter, in situations where the regulatory requirements preclude
consideration of a wide array of risk-management options, EPA could both formally evaluate the options
that can be considered and use the framework to determine the extent to which current constraints
preclude a better risk-management strategy. At a minimum, the framework would emphasize the need for
EPA to consider risk tradeoffs and alternative strategies explicitly when devising risk-management
options.

Concern 2: The framework may exacerbate the problem of “paralysis by analysis”, both because the
analytic burdens will increase with the need to evaluate numerous options and because risk assessments
may show that uncertainties are too great to permit discrimination among various options.

The committee proposed earlier that the framework will help risk assessments to come to closure
by focusing on the information needed to discriminate among risk-management options rather than
focusing on the information needed to “get the number right”. However, it could be argued that the need
to quantify benefits among multiple potential risk-management options, including tradeoffs and
multimedia considerations, will greatly expand the analytic requirements of a given assessment,
especially given that the uncertainties in a simpler assessment may prove too large for discrimination
among options. That is an important concern, but many of the more analytically complex components (for
example, cumulative risk assessment and multimedia exposure) would be needed for any risk assessment
with a similar scope, regardless of what risk-management options are under consideration, and the
marginal time to evaluate multiple risk-management options should be relatively small once a model has
been constructed to evaluate the benefit of one option appropriately. In addition, if the uncertainties are
too large for discrimination among options on a risk basis, it would imply simply that other considerations
are central in the risk-management decisions or that further research is required.

Concern 3: The framework will not lead to better decisions and public-health protection, because the
process does not provide for equal footing for competing interest groups.

Although the committee proposes that the framework will enhance public participation and will
reduce asymmetries among stakeholders by focusing on early development of risk-management options,

examples intended to illustrate how application of the framework for risk-based decision-making might lead to a
process and outcome different from those of conventional application of risk assessment.
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there would continue to be asymmetries in the ability of different stakeholders to get options “on the
table”, given issues of political power and imbalance in available information. More generally, the
framework could potentially be manipulated if the set of options evaluated were constrained
inappropriately. In addition, the importance of risk assessment is not reduced in the framework, so the
technical imbalance would remain. The concern is relevant, but it is not introduced by the framework, but
rather is endemic to processes that bring together government, communities, and industries to debate
decisions that will have serious economic and public-health effects. The framework could improve on the
current practice provided there is substantive stakeholder involvement throughout the process, if
stakeholder groups have sufficient technical expertise (which can be developed over time through efforts
by EPA and others), and if EPA formally addresses all suggested options in writing (either by evaluating
them quantitatively or by discussing qualitatively how they are strictly dominated by other options and
therefore do not need to be considered). The potential for manipulation is not created by the framework
and in fact would be reduced by it: risk managers can now implicitly reduce the option set by asking risk
assessors to evaluate the benefits of a preselected control scenario, and a public process to explicitly
construct a wide-ranging set of options seems preferable. As a component of the development and
implementation of the framework, EPA should propose guidelines for the options-development step of
Phase I, focusing explicitly on stakeholder participation and formal processes for transparent selection of
risk-management options to study.

Concern 4. The framework breaks down the firewall between risk assessment and risk management,
creating a potential for manipulation.

That the framework allows assessors to see the choices facing the decision-maker does not imply
that they would be involved in risk management, nor does it imply that decision-makers would have
license or opportunity to impose their will on the analysis. The framework empowers risk assessment to
drive the engine that determines which options perform best in the presence of uncertainty, variability,
and public preferences, but it does not empower risk assessors to impose their preferences on the analysis.
It will remain important in the framework to have clear risk-assessment guidelines (see, for example,
Chapters 3, 5, and 7) that can be used to conduct the assessments needed to evaluate options.

Increasing the interaction between risk assessors and risk managers requires that there be further
protection against the possibility that identified or preferred policy options will bias the evaluation of
risks or, even more problematically, that risk managers will influence the content of the risk assessment to
support preferred risk-management options. Ensuring the integrity of evaluations along the continuum of
the risk-assessment-risk-management discussion fundamentally rests on maintaining an effective system
of governance in EPA and other organizations applying risk assessment. The governance process should
have the following elements:

o Clarity and accountability of roles and responsibilities. The extent to which risk assessors
and risk managers understand their roles and are evaluated on the basis of their fulfilling their
responsibilities will assist in mitigating concerns about potential compromise of scientific or policy-
related assessments.

o Greater transparency of the process. Making information about the assumptions used and
judgments reached in risk-assessment and policy deliberations more widely available is itself an
important safeguard against abuse.

e Documentation of the process. There needs to be appropriate documentation of the rules and
milestones of the process and of the relevant information base at all important stages of risk-assessor—
risk-manager deliberations.
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e QOversight and periodic review. EPA should submit selected decisions each year for
independent review to ensure the integrity of the risk-assessment—risk-management process. Independent
reviewers should issue a public report on their findings.

As mentioned above, the problems can occur with the current (conceptual or institutional)
“firewall” between assessment and management. A risk manager who keeps analysts in the dark about the
choices can still order them to “make the risk look smaller (bigger)”. Safeguards against any form of
manipulation of the risk-assessment process, whether related to the framework or not, must be in place; it
seems to the committee that a process that emphasizes evaluation of risk-management options will by
definition involve broader participation, which implies more “sunshine” and less opportunity for the type
of manipulation that the Red Book committee was justifiably concerned with.

CONCLUSIONS AND RECOMMENDATIONS

Some features of the framework may be evident in EPA programs, but its full implementation
will require a substantial transition period. The committee believes that the long-term utility of risk
assessment as a decision-support tool requires that EPA operate in the proposed framework (or a very
similar one) and so urges the agency to begin the transition. It is perhaps useful to conceive of the
transition process as involving a period of experimentation and development of carefully selected
“demonstration projects” to illustrate the application of the framework. Selection of a few important
environmental problems to which the framework would be applied in full (with formal and time-limited
stakeholder involvement at all stages) would constitute a learning period for agency assessors, managers,
and stakeholders. Lessons from such demonstration projects could be recorded and used to improve the
framework and its application. The committee believes strongly that gradual adoption of the framework
will do much to improve the analytic power and utility of risk assessment and will reveal this power and
utility to a much wider audience; its credibility and general acceptability will thereby be enhanced.

In summary, we recommend the following:

e The technical framework for risk assessment presented in the Red Book should remain intact
but should be embedded in a broader framework in which risk assessment is used principally to help to
discriminate among risk-management options.

e The framework for risk-based decision-making (Figure 8-1) should have as its core elements
a problem-formulation and scoping phase in which the available risk-management options are identified,
a planning and assessment phase in which risk-assessment tools are used to determine risks under existing
conditions and with proposed options, and a management phase in which risk and nonrisk information is
integrated to inform choices among options.

e EPA should develop multiple guidance documents relevant to the framework, including a
more expansive development of the framework itself (with explicit steps to determine the appropriate
scope of the risk assessment), formal provisions for stakeholder involvement at all stages, and methods
for options development that ensure that a wide array of options will be formally evaluated.

e EPA should phase in the use of the framework with a series of demonstration projects that
apply the framework and that determine the degree to which the approach meets the needs of the agency
risk managers, and how risk-management conclusions differ as a result of the revised orientation.
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