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Abstract: The US National Research Council recently released a report promoting
sustainability assessment as the future of environmental regulation. Thirty years earlier,
this organization (under the same senior author) had issued a similar report promoting risk
assessment as a new method for improving the science behind regulatory decisions. Tools
for risk assessment were subsequently developed and adopted in state and federal agencies
throughout the US. Since then, limitations of the traditional forms of risk assessment have
prompted some dramatic modifications toward cumulative assessments that combine multiple
chemical and non-chemical stressors in community settings. At present, however, there is little
momentum within the risk assessment community for abandoning this evolved system in
favor of a new sustainability-based one. The key question is, how best to proceed? Should
sustainability principles be incorporated into current risk assessment procedures, or vice versa?
Widespread recognition of the importance of sustainability offers no clear guidance for the
risk assessment community, especially in light of institutional commitments to sustainability
tools and definitions that appear to have little in common with cumulative risk notions.
The purpose of this paper is to reframe the sustainability challenge for risk assessors by
offering analytical guidance to chart a way out. We adopt a decision analysis framework to
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overcome some conceptual barriers separating these two forms of assessment, and thereby,
both escape the either/or choice and accept the inevitability of sustainability as a central
regulatory concern in the U.S.

Keywords: cumulative risk assessment; sustainability assessment; regulatory decision-making;
multi-criteria decision analysis

1. Introduction

The paradigm for assessment and management of environmental health risks has evolved since the
early 1980s in response to newer, more complicated problems, advancements in scientific knowledge,
and enhanced analytical methodologies. This evolution can be traced through a series of influential
public-sector reports, starting with the 1983 National Research Council’s (NRC’s) report, Risk Assessment
in the Federal Government: Managing the Process (known as the “Red Book”), which established the
foundation for the risk assessment-risk management (RA-RM) paradigm as we know it today [1].
At approximately the same time, an independent evolution was taking place in the concept of “sustainable
development” (or “sustainability”) and its application to decision making. Expansion of the RA-RM
paradigm to include cumulative risk and inclusion of sustainability in policy decision-making have
proceeded along parallel but separate tracks in the U.S. But in 2011, the NRC published Sustainability
and the U.S. EPA (known informally as the Green Book), which proposed an operational structure for
integrating sustainability into decision making at the U.S. Environmental Protection Agency (USEPA),
and examined how the conventional RA-RM paradigm could be integrated into this new sustainability
framework [2]. While there have been scattered attempts in the past to reconcile environmental risk
management and sustainability as complementary or overlapping concepts [3—8], including efforts to
develop new approaches and processes [9-18], there are few examples of applications that juxtapose the
distinct methodologies for sustainability evaluation and risk assessment/management [19-22].

Strategies for bringing risk and sustainability assessments together have so far specified three
approaches: let the risk assessment process subsume sustainability as a subsidiary concern (the unofficial
USEPA position); have a sustainability-centered process incorporate risk as an added concern (the NRC
version); or keep the two separate and accommodate their divergent results in management-focused
deliberations (typical assessment practice). We argue for a fourth alternative: that the two forms of
assessment—for risk and for sustainability—are best combined into a joint methodology for parity’s
sake that is both transparent and relatively simple to operate. The plausibility of such a joint-assessment
strategy is bolstered by several recent developments (occurring in parallel) that, arguably, have brought
the two forms closer together.

On the risk side, assessment methodology has been extended to include cumulative impacts on human
health, whose characterization relies on sets of empirical indicators [23—26]. The role of indicators in
sustainability assessment is well established and is growing more prominent as an orthodox approach,
especially in community settings [27-30]. Although the particular indicators selected as contributors to
health risks vary widely, they are typically drawn from across the three domains that are common
concerns in sustainability considerations—the economic, the social and the environmental. Secondly,
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the once solid separation of risk assessment from risk management considerations—a key provision in
the RA-RM paradigm—has been worn away in practice and subject to recent weighty criticism by the
NRC [2]. Part of the impetus for this change was the incorporation of environmental justice into federal
regulatory decision-making [31]. An environmental justice movement in the U.S. has coalesced around
“bottom-up” input into agency decision making, mobilizing communities to be involved in both
management and assessment. The sustainability literature has a parallel notion of integrated assessment,
where top-down expertise can be combined with bottom-up, or local experiential, input from those
potentially affected [27,32]. These are substantial areas of agreement, despite their separation in different
scholarly and professional communities.

Certainly, differences remain. Sustainability considerations are typically framed by Three Pillars
(economic, social and environmental) and assume that tradeoffs among them are an essential feature of
every assessment. A prominent family of assessment methods employs multi-criteria decision analysis
(MCDA) to structure and quantify these tradeoffs [33—36]. In contrast, MCDA has played little or no
role in cumulative risk assessment. More importantly, the basic logic of tradeoffs for sustainability is
replaced by the idea of risk thresholds and ordering principles, as we will see. Accordingly, the issue of
how and when (or whether) to employ tradeoffs represents a key challenge to developing a common
method of assessment.

Our overall intent is to help achieve parity between the assessments of risk and sustainability by
supporting their eventual consolidation into a joint method. We begin by taking on some of the existing
conceptual barriers that have kept them separate. Given the magnitude of this task, we limit our attention
to three. First, the current definition of sustainability endorsed by U.S. federal agencies and the NRC
frames assessments in a relatively narrow way. A broader approach, spanning more content domains
and admitting qualitative metrics, can better accommodate the range of considerations in cumulative risk
assessment. Second, although cumulative risk assessment continues to evolve, it does so in a fragmentary
way, without benefit of a unifying decision-analytical framework. We propose an adaptation of MCDA
as a means of bridging risk and sustainability assessments. Thirdly, the use of indicator sets in
sustainability assessment offers a useful direction for not only expanding measures of cumulative risk,
but also establishing shared measures. We consider each of these in turn.

1.1. Expanding the Definition of Sustainability

There is a substantial literature on the various meanings of “sustainability” and how these influence
its operational definition and assessment. The UN’s Earth Summit in Rio de Janeiro in 1992 set the stage
with Agenda 21, a foundational text informing much of the subsequent discussion [37]. A wide spectrum
of approaches appear there in nascent form. At one end of the spectrum, the definitional issue is taken
as settled. The US EPA’s treatment of sustainability [38] is a case in point: “A sustainable approach is
a system-based approach that seeks to understand the interactions which exist among the three pillars
(environment, social, and economic) in an effort to better understand the consequences of our actions.”
The assessment phase can then proceed to optimize these three pillars and make tradeoffs, without a
look back at alternative definitions or less formalized approaches. The Brundtland Commission of 1987
is invoked, and the three pillars notion from the Johannesburg Declaration in 2002, built on Agenda 21,
structures the content.
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At the other extreme, stipulated definitions of sustainability are viewed skeptically, as unremittingly
political and, therefore, contestable. Each definitional choice is understood as a marker for unspoken
value commitments and political or economic world views [39]. From this standpoint, rather than being
settled ahead of time, defining the meaning of sustainability remains a critical task to be accomplished
anew in each problem context through a consensus-building process of stakeholder negotiation. The
specifics of what gets assessed and how the assessment is accomplished, then, depends on the outcome
of a deliberative process aimed at reaching definitional agreement. This effectively moves stakeholder
interaction from the implementation to the formulation phase—at odds with the stakeholder role
suggested in the Green Book [2] and implicit in the US EPA definition—and opens more parameters to
scrutiny and local input.

This contrast extends beyond whether defining sustainability comes at the beginning or closer to the
end of the assessment process. It includes: what the indicators and their metrics will measure, and who
defines them; whether tradeoffs will be made to reach an overall value for each option under consideration;
and what subject domains will be represented. For our purposes, we will sketch two general families of
sustainability approaches that fall on opposite ends of the definitional spectrum. The first, more traditional
one, is associated with the three pillars metaphor and is well-represented among federal agencies in the
US. The second assumes a reflexive approach and effectively builds a definition through the assessment
process. Early work on this approach was supported by the Canadian Environmental Assessment
Agency [40]. A more-elaborate, contemporary version comes from the Cities Program of the UN’s Global
Compact, an initiative for enhancing social accountability [27,41]. The Cities Program replaces the three
pillars with the notion of thematic circles to capture a wider range of locally-defined concerns [42]. We
argue that this latter approach has closer parallels to current practices in cumulative risk assessment.

1.1.1. Three Pillars

The Three Pillars notion of sustainability traces its origins to the international development community
and its intent to usher in a new era of post-colonial sensibility regarding human and natural capital.
From the rationale employed, it was understood to serve a reparative purpose—as a corrective against
past failings—and did so by introducing an alternate set of social and ecological goals designed to
counter adverse economic impacts. The attempt, on the surface, was to establish parity among these goals,
establishing each as a necessary “pillar” and requiring all three (social, ecologic and economic) to
support more balanced forms of development. The first institutional setting, beyond the UN, where this
version of sustainability and its compensatory framing played a central role was the World Bank,
which has supported the refinement and application of these ideas in a series of papers published
throughout the 1980s [43].

The practical application of the Three Pillars definition can be found in the sustainability accounting
reports of Executive Branch agencies in the U.S. (e.g., Department of Energy [44]) and more generally in
the guidance documents issued by the Global Reporting Initiatives Project [45]. This definitional account
ties sustainability to fiduciary notions of responsible accounting, emphasizing values of conservation and
conscientious management, as opposed to the peremptory pursuit of ecological or social protections.
All three domains (ecological, social and economic) are present but their contents change, as does
the focus. Rather than overlapping collections of distinctive kinds of activities, functions or relations,
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domains become figurative locations for stocks of resources to be managed, conserved and
controlled. Sustainability shifts from signifying an inclusive or protective status to being a register of
managerial efficiencies.

In place of discrete systems within domains, we have a superordinate system that includes all three
domains as constituent parts. Each domain is valued for its instrumental contribution. That is to say,
its stocks are to be utilized. And if these stocks are utilized in well-managed ways, producing little waste,
then overall the system’s production value is optimized. Although conventional models of economic
production influence the metaphors used here, the values in this version of sustainability reinforce
the ethical import of how ecological resources should best be managed relative to other resources.
The valued products are those whose production, use and disposal incurs the least wasted resources
across the system. Once again, monetary valuations reappear; but this time, their purpose is not to foster
compensatory adjustments and tradeoffs. These valuations are assigned to various components to permit
their aggregation as net cost savings and returns on investment.

The federal government’s accounting version moves the focus from plans, options and impacts down
to the level of individual products. Sustainability, then, becomes an attribute of the overall “production,
utilization and recovery” process or its products, rather than a set of social objectives. The gains in resource
accounting and modeling capability derived from such an integrated, product-focused assessment appear
to be offset by a potential loss of the engagement with stakeholder aspirations favored by other definitions.
Ultimately, this social accounting approach depends upon money, and not achievement, as its key register
of value. Sustainability, in this context, confers a judgment that enough money will be saved or earned
to justify the extension of production and managerial controls to non-traditional kinds of capital
and resources.

1.1.2. Objectives and Orderings

The basis of an alternative approach was developed for the Canadian government, motivated in part
by the claims of social and political movements that were pressing for greater ecological awareness and
concern [40]. This version promotes goal setting and the forming of collective commitment. Here,
the emphasis shifts from backward-looking reparation to forward-looking prioritization. Sustainability
is not so much about the inclusion of non-economic values in societal decision-making, as it is about
treating ecological considerations as primary, or even as peremptory. There is an implicit mistrust of the
compensatory practices supported by the Three Pillars definition. From this viewpoint, ecological issues
are systematically undervalued by the analytical methods employed in framing tradeoffs; these methods
more accurately reflect the subsidiary status of non-economic issues than the concepts of inclusion,
described earlier. Hence, the decision logic of this goal-oriented version of sustainability relies on
rankings and seeks to maximize performance on at least one dimension. In other words, adverse impact
on ecological processes and conditions should not only be assessed first, but, more generally, ecological
integrity should serve as a key objective to be satisfied before all other considerations. Environmental
impact assessment practices in Australia [46] and the Endangered Species Act in the U.S. both draw on
the logic of this version of sustainability.

A more recent variation of the non-compensatory version places social rather than ecological concerns
at the center of sustainability determinations [47]. Values from this perspective seek to ensure material
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capacity for meeting future needs and build resilience and adaptability into communities. As with ecological
sustainability, the performance metrics for judging improvements in this instance depend upon multiple
indicators. Unlike the ecological case, however, these social values admit degrees of difference; some
communities evidence more resiliency and adaptive capacity than others. Still, the relative ordering that
results, consistent with satisfying multiple goals in a piecemeal way, does not pit the social against the
ecological or the economic. Rather, it takes the social as first in priority and considers decision options
based on their relative performance across multiple criteria without benefit of a common measurement
scale. Other considerations that cannot be captured by indicators are left to be treated in subsequent rounds.

The advantage of featuring the social domain as a key feature in sustainability assessment is twofold.
First, it frames the pursuit of sustainability in positive terms, as objectives to be met. And second, it moves
from one-dimensional decision rules, common in efforts to limit adverse ecological impact, to rules that
focus on multiple objectives at the same time. Sustainability is now defined to reside in the satisfaction
of as many, possibly incommensurable, objectives as stakeholders find legitimate. Satisfaction, in this
context, could be a threshold along any given criterion or a point of relative comparison across planning
options or public investments. The important idea is that the objectives do not compete with one another,
and thus no tradeoffs are built into the comparisons. By the middle of the 1990’s, a multi-objective
procedure was introduced by statute as an alternative planning system in England. Sustainability appraisals
then were framed in terms of stakeholder aspirations, and targets replaced thresholds as markers of
achievement [48].

One of the best, local implementations of the objectives and indicators approach in the U.S. began in
Seattle after the UN Rio Summit in 1992. The Sustainable Seattle project developed objectives through
extensive public engagement and derived a set of 40 indicators for tracking their progress toward these
sustainability objectives [28]. Their definition of sustainability expanded the domains to ensure wider
coverage of local concerns than under the Three Pillars approach: “We define sustainability as long-term
health and vitality—cultural, economic, environmental and social. Understanding sustainability means
considering all the connections between various elements of a healthy society and thinking in longer time
spans than we may be accustomed to [28].” Along with social, environmental and economic indicators,
they included ones on civic and cultural life, community, youth, education and health. Their periodic
assessments focus on improvement in performance on each indicator relative to its prior level.
They characterize trends as moving toward sustainability, away from it, or remaining unchanged for
each of their domains. There are no tradeoffs across domains; no weights assigned to indicators; and no
compensatory effects from high performance on one adjusting for low performance on another. Summary
judgments remain qualitative.

Substantial progress along these lines has been made by the Cities Program of the UN Global
Compact [41,42]. Theirs is an objectives and indicators approach that admits four domains as
subsidiaries of the social: the ecologic, the economic, the political and the cultural. Here, an effort is made
to accommodate the underpinnings of sustainability in local power relations by making them explicit
and working out practical objectives unique to each setting. In place of the Three Pillars notion, they
present thematic circles as a means of avoiding premature closure when it comes to the characterization
of objectives or their indicators. It is process intensive, not unlike the cumulative risk-screening efforts
that have been community-based, and attempts to blend both expert and local knowledge in a negotiation
over priorities and local practices.
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The assessments that result are displayed distinctively as concentric circles, divided into quarters by the
four domains. Judgments about relative goal-achievement correspond to positions moving away from the
center, with the outermost circle signifying excellence. Similar displays apply to judgments organized by
seven or more social themes, for example, belonging-mobility or inclusion-exclusion; again, the performance
ordering corresponds to distance from the center and placement on the outermost circle represents optimal
performance. The circles display represents a radical departure from the rectangular matrix form that
indicator-based assessments typically employ (especially those adopting MCDA methods). Conventional
numerical metrics are replaced with positional orderings that create an array of profiles across themes
and domains. Qualitative judgments play a more significant role here than for Sustainable Seattle,
as do ethical and political values. Table 1 summarizes the principal differences among the three
approaches to assessment.

Table 1. Three views of sustainability and its assessment.

Concepts of Sustainability Bases of Assessment Examples

Aggregate Valuation i .. )
. Sustainable Energy Decision-making
. o tradeoffs to maximize overall . L
Three Pillars (e.g., [49]) ) b f (e.g., multi-criteria weighting methods,
value with a focus on
benefit and cost-value analyses)

quantifiable improvement
Production-Related Analyses Reporting Templates: ISO 2600,
Social Accounting (e.g., [45]) e prospective/retrospective witha ~ GSI G4 (e.g., life-cycle assessment,

focus on commercial products carbon footprint)

Indicator-by-Indicator Orderings . .
Urban Planning: Sustainable Seattle

Objectives & Orderings e objectives-oriented analysis .
; (e.g., ecological, human development
(e.g., [28,40]) with focus on targets and . .\ .
indicators, political and cultural impact)
thresholds

Including the necessary components of a cumulative risk assessment in this last variation would
involve more than a marginal addition to the ecology or politics domain. It would require some initial
structuring of judgments so that the regulatory science bearing on exposures could be included. Metrics
would be required early on, as well, even if relative positions served as a summary later in the process.
Still, there could be plenty of room for local deliberations and support for non-compensatory judgment
with this form of assessment.

We turn now to the second barrier to bringing the two kinds of assessments closer together—the absence
of a common framework. While sustainability assessment developed around comparative decisions over
projects and investments, and has found the tools of decision analysis very useful [13,35,36], human risk
assessment grew out of toxicological models of dose-response. Decisions, typically about compliance or
legal limits, were relegated to management and legal proceedings, at least according to the guidelines [1].
As noted earlier, the recent orientation to cumulative risks, especially in community settings, has ushered
in a more inclusive notion of health risk (arising from both chemical and non-chemical sources) and
highlighted the importance of local input. In these circumstances, a decision analysis framework becomes
more useful as a way to organize risk assessments.
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2. Bringing MCDA to Cumulative Risk

In a recent review of the application of multi-criteria decision analysis (MCDA) across the
environmental field, Huang and her colleagues identified over 300 studies published between 2000 and
2009 [34]. Clearly, MCDA has made a lasting imprint on environmental problem-solving, and most
notably on efforts to enhance sustainability [34,36,49]. Although some of the computational procedures
vary across these studies, they appear to share at least four primary characteristics. Consider them as four
basic steps in a sequential process. Step (1) an environmental challenge, say, improving the sustainability
of an energy system [13,49], is framed as a rational choice among well-defined, alternative courses of
action—a decision problem. Alternatives might include locations, investments, project options, scenarios,
energy systems, or, as we saw with Sustainable Seattle, current vs. baseline profiles from prior years.
Step (2) there are criteria for comparing the alternatives, typically, based on their relative performance
with respect to the decision-maker’s goals. As noted above, the Three Pillars definition of sustainability
rests on three goals—economic, social and environmental improvements—with corresponding criteria
for comparing how well each alternative achieves them.

In practical terms, one or more metrics (or indicators) will be selected for each criterion, so that
relative performance can be represented numerically. For sustainability in energy systems, for example,
criteria might include technical (safety and reliability), economic (net present value), environmental
(CO2 emissions), and social factors (job creation). For untested alternatives, prospective performance
may be modeled rather than measured or based on expert judgment, for instance, in estimating the dollar
amount of net present value as a performance metric. Step (3) the criteria are then weighted, so that
performance on more important criteria will have greater impact on the overall value of an alternative.
Weighting also establishes how a performance level on one criterion translates into a corresponding level
on another; in other words, it establishes the rate of exchange (or equivalent value) between criteria.
If technical factors are weighted more heavily than economic ones, an alternative with high safety scores
but low net present value may be viewed more favorably overall than an alternative with moderate safety
but high net present value. In effect, one is trading off net present value for safety.

Most weighting schemes employ subjective estimates that are typically normalized to sum to one. The
key assumption in this case is that the appropriate criteria and their associated performance metrics
(or indicators) have been included, since the relative values of the weights will change with each addition
or deletion. The effect of applying a weight to a given indicator will also be sensitive to the appropriateness
of the scale used and how comparable the scale values are across metrics. As we will see, an approach
that stops short of step 3 avoids these pitfalls. In that instance, no direct cross-criterion comparisons are
made. Assessment proceeds one criterion at-a-time across the available alternatives, rather than one
alternative at-a-time across the assembled criteria. Hence, there is no requirement for a common
measurement scale (or for quantitative metrics for that matter). The final decision is based on detectable
differences between pairs of alternatives on at least some criteria. In the Sustainable Seattle example, a
set of indicators was chosen and revised over time to represent objectives linked by citizen, expert and
stakeholder opinion to sustainability enhancements. Progress was judged based on a profile of annual
improvements across these indicators. In effect, the profile from prior years served as a baseline for
comparing each subsequent year’s achievements. Some years, there were positive gains on a majority of
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indicators. Areas in need of attention, where values fell below levels of achievement in prior years, could
be identified for remedial action [28].

In the final step of MCDA, component values get tallied. Step (4) the weighted scores for each
alternative are added together, across criteria, to form an aggregate measure of value. The rational
choice, then, corresponds to the alternative with the largest summary value. Clearly, the simplest way to
combine scores is to add them up, and addition is the default combination rule in all of the studies
reviewed by Huang, Keisler and Linkov [34]. This summing operation has several important implications.
Low scores on some criteria can be compensated for by high scores on others, and vice versa.
This feature puts tradeoffs into action. Further, there needs to be a common scale of counts, amounts or
ratings across criteria to permit adding scores together. And finally, all of the methods that use an overall
value or sum to order alternatives from best to worst are sensitive to which alternatives have been
included and, by implication, which ones have been excluded. Omitting an important criterion, as noted
above, can have the same effect. Nevertheless, there are approaches within the MCDA family,
known as “outranking methods” [50,51], intended to counter this sensitivity by supporting a partial
rather than full ordering of alternatives, and permitting some criteria to escape weighting. In other words,
steps 3 and 4 are still essential, but a few alternatives or criteria (depending on the method) may be
excluded from the necessary comparisons.

We are persuaded by the evidence that the 4-step MCDA approaches work remarkably well under
the conventional Three Pillars definition of sustainability, where achievements on one criterion may
require sacrifices on another, and different weightings for criteria are a central feature. That is to say,
it appears to work best when criteria are potentially conflicting and the resulting tradeoffs need to be
well-defined and quantified, so that decision-makers can make an informed choice. For cumulative risk
assessment, however, where the criteria are more likely to be classes of stressors, such as chemical
exposures and economic disadvantage (rather than, say, desirable characteristics), requiring a preference
ordering across criteria or tradeoffs to improve overall value makes little sense. Fortunately, the alternative
approach to sustainability assessment, discussed earlier under the rubric of Objectives & Orderings, shares
these same reservations. In place of the 4-step methods connected with Three Pillars, an Objectives &
Orderings assessment typically employs only the first two steps [40,42,46]. This 2-step constraint will
bring us substantially closer to finding common ground between risk and sustainability assessments with
MCDA providing the pathway.

Relatively recent attempts to develop methods for assessing cumulative health risks [52—54]
emphasize the use of indicators as a robust and reliable way to capture the broad range of influences on
health. These include chemical, social and behavioral factors implicated in adverse health outcomes within
communities and among certain vulnerable populations. This turning point for risk assessment was
prompted, in large part, by concerns for racial disparities in toxicant exposures and by US EPA’s
experience with the complexities of assessing “Superfund” toxic waste sites. Not only would non-chemical
risks be considered relevant, the focus of these risks would shift to populations, their characteristics, and
where they lived. As had long been the case with sustainability assessments, the selection of indicators
is now a key step in assessing cumulative risk. Luckily, there are a large number of possible indicators.
The Federal government’s Health Indicator Warehouse, for example, lists 73 indicators of risk with data
on hand [55]. Sustainable Seattle eventually agreed on 40 core indicators to measure factors that were
considered crucial to local sustainability. The UN Commission on Sustainable Development spent two



Toxics 2014, 2

542

decades specifying a set of indicators that would be valid cross-nationally, have data available, and be

meaningful for local scale assessments [56]. Table 2 below is their final list.

Table 2. UN indicators of sustainable development [57].

Social Environmental
Education Freshwater/groundwater
Employment Agriculture/secure food supply
Health/water supply/sanitation Urban
Housing Coastal zone
Welfare and quality of life Marine environment/coral reef protection
Cultural heritage Fisheries
Poverty/income distribution Biodiversity/biotechnology
Crime Sustainable forest management
Population Air pollution and ozone depletion

Social and ethical values
Role of women
Access to land and resources
Community structure
Equity/social exclusion

Global climate change/sea level rise
Sustainable use of natural resources
Sustainable tourism
Restricted carrying capacity
Land use change

Economic

Institutional

Economic dependency/indebtedness/ODA

Energy

Consumption and production patterns

Waste management
Transportation

Mining

Economic structure and development
Trade

Productivity

Integrated decision-making
Capacity building
Science and technology
Public awareness and information
International conventions and cooperation
Governance/role of civil society
Institutional and legislative frameworks
Disaster preparedness
Public participation

Reliance on indicators introduces an important source of compatibility with MCDA. The next
consideration is how an assessment process that parallels the indicator-by-indicator comparisons common
to our Objectives & Orderings approach (See Table 1) might work for cumulative risk.

2.1. An Indicator-by-Indicator Scenario

Consider a hypothetical assessment of cumulative risk in a community setting. Studies based on the
stressor model [23,53] employ at least three types of indicators. One type consists of metrics for chemical
exposures: these may be modeled cancer risks from the National-scale Air Toxics Assessment [58],
measured ambient concentrations of toxicants, and proximity to waste sites or petrochemical production
facilities. The second type is non-chemical stressors that reflect social and economic disadvantage and are
linked to adverse health effects, such as poverty, unemployment, crime rates, and racial discrimination.
The third type includes indicators of overall population health. The prevalence of chronic disease, such
as diabetes, hypertension, smoking and physical inactivity, all contribute to adverse health outcomes and
increase premature mortality risk; they might also compound the negative impact of the stressors
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included in the other two types. The question is: how does one fully characterize these multiple risks
and then use this characterization to either identify those burdened with the highest relative risk or
pinpoint risk sources that should receive priority for mitigation efforts?

First, assume the simplest case: all indicators can be scaled to reflect rank orders of adverse effects.
Assessment proceeds on an indicator-by-indicator basis. To assess cumulative risk, it is necessary to
construct a profile, say, of each neighborhood’s rank orderings, and then sort the profiles to identify the
poorest performers across the most indicators. In rare cases, there may be a neighborhood that stands
out as worst on every indicator. More commonly, the worst case will vary across the indicators.
Comparisons, then, will involve judgment (or stakeholder involvement) to separate the worst profiles
from the rest. This implicitly assumes that each indicator makes an equivalent contribution to health risk,
in the absence of more discriminating information. This is a common approach in health resource planning,
for example, in the World Health Organization’s project, Urban HEART (Health Equity Assessment and
Response Tool) [59].

At the next level of complexity, one can add order to the indicators themselves, where some are given
priority over others. One could designate “poverty” and “exposure to high ambient concentrations of diesel
exhaust” as more important contributors to cumulative risk, than, say, the prevalence of hypertension or
unemployment rates. Identifying a few indicators for priority consideration (either considering them first
or using them to break ties) reduces necessary effort and supports consistent application of participants’
priorities. Decision theorists term this a lexicographic ordering, since the assignment of relative standing
among indicators is not made by numerical means [60,61]. These indicator-ordered assessments are still
non-compensatory by design and rule out tradeoffs between indicators. This feature can be an advantage
in stakeholder-mediated assessments, where, to some groups, tradeoffs can signal unacceptable political
concessions. Using ordered indicators is a familiar strategy in the health impact assessments (HIAs)
advocated by the U.S. Centers for Disease Control and Prevention [16,17,62].

2.2. Reference Values for Indicators: Thresholds, Ceilings and Benchmarks

Every indicator-by-indicator assessment involves sequential judgment—each indicator is considered,
one-at-a-time, whether they are pre-ordered or not. Within each indicator, we make relative judgments
about the performance of our alternatives. In the case of cumulative risk, we may compare neighborhoods
and conclude that some are high on chemical stressors. If all of the neighborhoods appear high, we may
have no way to know how important this fact is for health effects without some point of reference. Ceilings,
such as the maximally-permissible exposure limits for toxicants and unit risk estimates for carcinogens,
can take the place of a relative ranking across neighborhoods. The comparisons, then, are between each
indicator’s value for a given neighborhood and the corresponding standard value. In other words, we move
from grading-on-the-curve to a pass-fail system. Currently, human risk assessments that define a cutoff
for maximally acceptable risk of adverse health effects operate on a reference-value basis, as do ecological
risk assessments that set maximum levels for contaminants that are systemic threats. The reference value
may also come from performance in prior years that serves as a benchmark for documenting progress.
Sustainable Seattle assesses whether the city’s performance is better, worse or about the same as the last
time [28]. Cumulative risk assessments in Port Arthur use a similar approach to benchmarking their
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progress in reducing health risks, as a means of concentrating their efforts on problem areas that lag
behind [25,63].

There are two, well-known indicator-based procedures, described in the decision literature [60,64—66],
for using thresholds as reference values rather than ceilings or benchmarks; these are called, conjunctive
and disjunctive. A conjunctive procedure establishes thresholds on all indicators that serve as minimal
values for acceptable performance, and holds that all must be satisfied. Not meeting any one represents
inadequate performance overall, regardless of how many other thresholds have been met. A disjunctive
procedure is similar but requires only a single threshold to be exceeded for adequate performance overall.
None of the applications using indicator-by-indicator methods would permit a single indicator, as in a
disjunctive procedure, to be determinative. On the other hand, the use of thresholds with a conjunctive
procedure is not uncommon. For a cumulative risk assessment intended to identify the communities at
greatest risk, such thresholds might represent baseline expectations for indicators, such as the proportion
of the population at or below 100% of the Federal Poverty Level or a minimum level of educational
attainment (e.g., high school or GED). Cumulative cancer risk exceeding 1 case per 100,000 population
could be used a threshold for chemical stressors. Here, the conjunctive rule identifies communities with
a disproportionate burden of cumulative risk as those exceeding all of the thresholds. To be successful,
it is critical to include a wide variety of indicators tapping into different sources of risk and to establish
the thresholds independently of the communities under assessment. This logic is found in multi-indicator
systems serving as diagnostics for environmental injustice, as in the U.S. EPA’s C-FERST
(Community-Focused Exposure and Risk Screening Tool) and EJSEAT (Environmental Justice Strategic
Enforcement Tool) tools [67,68], for example. Table 3 briefly summarizes these similarities
and contrasts.

Table 3. Reference values in indicator-by-indicator assessments.

Threshold Values Benchmark Values Ceiling Values
Aims Minimize negative effects Maximize positive effects Minimize negative effects
Assessment  Compare to thresholds for Compare to benchmarks for goals or ~ Compare to cutoffs for
Process minimally acceptable values prior performance maximally tolerable values
Applications US EPA’s C-FERST UN Global Compact Cities Program  US EPA’s EJSEAT

Many of the same indicators may be relevant whether risk or sustainability is at issue. Moreover, both
kinds of “no-tradeoffs” assessments may call on indicators for the presence of collective assets that exert
a positive rather than negative influence on both sustainability and risk mitigation. The important point is
that once reference values are supported by the admission of indicator-by-indicator (non-compensatory)
rules, there is no analytical reason preventing the consolidation of both cumulative risk and sustainability
assessments into a single, more comprehensive process. This suggestion reframes the question of whether
one kind of assessment should be a subsidiary of the other or, by default, whether each should remain
independent. With this analytical opening, the next task is to refine these indicator-based approaches so
that both sustainability and cumulative risk can be assessed together. This kind of assessment will likely
rely on a shared set of core indicators relevant to communities and community-based projects. Specifying
such a core indicator set becomes a viable next step. Moreover, the experience gained from designating
reference values, and recasting the thresholds and ceilings among them in positive and negative terms,
could help to structure stakeholder interactions and enhance their meaningfulness to non-expert participants.
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3. Prospects

The need to undertake assessments for both cumulative risk and sustainability in support of informed
policy decisions is now generally appreciated. The question is, how should the two analyses be undertaken,
given the current separation between them, both politically and administratively? Logically, there are
four plausible outcomes. One outcome, consistent with the status quo in the US, is that sustainability
concerns are added onto the results of existing risk assessment practices, with sequencing intended to
preserve the integrity of risk assessments and to keep sustainability evaluations as a supportive,
but subsequent, analytical exercise. Of course, their respective value to the exercise will be reflected in
the size of allotted resources (historically, in the context of regulatory decision making—more for risk
assessment-management and less for sustainability evaluation) and their order of relative priority
(for regulatory purposes, risk-based decision making predominates and subsumes sustainability analysis).
Under this regime, sustainability’s advocates are left to screen risk assessment results in an ex post fashion.
Their concerns operate more as constraints on choices across already-framed decision options, than as
objectives to be pursued. In effect, appraisals of sustainability would be nested inside the management
portions of the risk analysis process. From there, they would serve as a final check on decisions reached
largely on other grounds.

A second outcome, proposed by the NRC [2] (see Figures 3-1 and 3-2, pages 37-38) adopts
sustainability as the governing principle for decision making, with RA-RM embedded in the overall
decision-making structure. According to the NRC [2], the “sustainability assessment and management”
step in the proposed sustainability decision framework “can be viewed as representing the risk paradigm
expanded and adapted to address sustainability goals”. In the NRC schema, risk assessment is part of a
toolbox for sustainability appraisal, which includes other methods such as life-cycle assessment,
benefit-cost analysis, ecosystem services valuation, integrated assessment models, sustainability impact
assessment, environmental justice analysis, and present/future scenario evaluation. This is an influential
blueprint that has been taken seriously, at least within the US EPA, but as yet remains only one
possible future.

A third outcome is to pursue parity through separation. Both risk and sustainability appraisals are
acknowledged as critical sources of evidence for regulatory decisions, and they are kept separate, but
operate in parallel processes rather than in tandem. The more independent each is from the other,
the less likely one is to be nested as subsidiary to the other, but the more likely they are to compete for
resources, relevance and scientific status. Accordingly, some political and rhetorical weight will need to
be added to the newcomer’s side (sustainability for the US EPA), which begins at a procedural and
familiarity disadvantage. The major unresolved issue with independent arrangements is when (or where)
the two modes of appraisal come together to make a mutually reinforcing contribution to regulatory
decision making. This leads us back, full circle, to the status quo of one mode being subordinated to
the other.

A fourth outcome, as supported by the argument presented here, involves merging the assessment of
risk and sustainability into one, seamless, joint procedure that does not treat risk or sustainability as
separate and distinct (neither independent nor subordinate) from the other. Today, given the obvious
obstacles, this prospect may seem outlandish, but the possibility begins to appear more plausible if one
focuses primarily on the conceptual and analytical issues. As discussed earlier, there are certain similarities
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not only at abstract and methodological levels but also in the developmental paths followed by risk
assessment and sustainability evaluation. If one looks closely, there are lines of convergence that lend
credence to the idea of fashioning a joint method for assessing both risk and sustainability in the context
of regulatory decision-making. The goal must be to conduct holistic assessments that provide decision
makers with timely information necessary to choose a sustainable future.
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